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Abstract 
Cultivation of leguminous crops is worldwide from ancient times 
because of their economic utility being next to cereals only (Allen and 
Allen, 1958). In India, legumes are cultivated in almost all the states either 
alone or mixed with other crops. Legumes include pulse, vegetable, fodder 
and green manuring crops. Since pulses contain nearly three times as 
much proteins as in the cereals and because proteins from pulses are cheaper 
they occupy a significant place in the Indian diet as one of the main sources 
of protein. (Jeswani and Vanchaik, 1968; Chand and Shrivastava, 1982). A 
mixed diet consisting of pulses and cereals is almost as rich in proteins as 
obtained from the animal products (Panikkar, 1968). Moreover, a 
significantly large population of India being vegetarian, pulses play a key 
role in the daily diet of Indian people. They constitute a rich source of 
fodder for cattle also (Kaul and Sekhon, 1974), and are generally used for 
green manuring. 
Pulse crops also play a significant role in maintaining soil fertility as 
they have a unique mechanism for using the inert nitrogen gas directly 
from the soil atmosphere (Chowdhary, 1968). It is estimated that about 14 
to 53 metric tonnes of nitrogen is fixed annually by the symbiotic association 
between nitrogen fixing bacteria and the legumes (Quispel, 1974). The 
forage legumes fix approximately 125-300 kg nitrogen/hectare/year and 
pulse legumes fix about 50 to 60 kg nitrogen/hectare/year (Mishustin and 
Shilnikova, 1971). The total production of pulses in our country was 13.07 
million tonnes (MT) in the year 1999-2000 and the crop grown over 22.85 
million hectares, yielded 57 kg per hectare till now. 
Lentil is one of the principal pulses crop in common use in India. The 
unripe pods are used as a green vegetables and dry leaves, stalks, husk and 
broken grain as cattle feed. It is cultivated in all parts of India especially 
Bengal, Madras, M.R and U.P. (Watt, 1890). It is sown in all kinds of soil. 
In the Kashmir valley, it is grown for green manuring paddy. Generally it 
is a winter crop, Randhawa (1958), is of the opinion that it is also grown as 
kharif crop in some parts of the country. It contains (25.1%) protein next 
to Soyabean (43.2%). 
Inspite of some significant achievements, pulses research and 
development still face many challenges. According to World Health 
Organisation (WHO) and Food and Agricultural Organisation (FAO), the 
per head pulse requirement for a day is 80 gms. But, unfortunately the 
production of pulse crop is far below the approved per capita. It is reported 
that the availability of pulses per capita declined sharply from 64 gms in 
1951-56 to less than 40 gms in 1985-86. The government has set up the 27 
mission mode projects operationalized under the National Agricultural 
Technology Project (NAT?), for focused research on issued of critical 
importance. The basic object of NAT? is region specific and economically 
safe Integrated Pest Management (IPM) models developed for cotton, rice, 
pulses, vegetables and oil seeds. 
In the tropical substance agriculture, the yield of pulses are often far 
below the World standards. One of the causes could be loss due to poor 
plant protection measures, various pathogens such as bacteria, fungi, viruses 
and nematodes, cause serious damage to pulse crops either alone or in 
association with one another. 
Though, the plant parasitic nematodes often cause severe damage to 
cultivated crops, their role as a limiting factor in Agricultural production 
has not been generally appreciated. These microscopic organisms, 
sometimes also called thread worms, eelworms, round worms, etc. mostly 
inhabit the soil in association with the roots of plants. A few species feed 
on the aerial parts of plants too, such as stems, leaves, earheads, grains etc. 
Unlike insects and other disease-causing agents like bacteria, fungi and 
viruses, nematode populations increase rather slowly, and the diseases 
caused by them are, generally, not of sudden epidemic type resulting in 
obvious destruction of the crop over vast areas in a matter of days, but 
cause slow decline in yields spreading over years. 
Plant parasitic nematodes by themselves are capable of causing severe 
disease symptoms but in the presence of other soil micro-organisms, the 
damage at times, becomes devastating. In fact under field conditions there 
is probably no soil borne plant diseases which can be said to have 
monopathogenic origin. Thus most of the soil borne plant diseases are of "n 
the result of interaction of two or more pathogens of the same or different 
groups causing complex diseases. Several such associations involving fungi, 
bacteria and nematodes have been investigated. During the last 4-5 decades 
considerable attention has been paid to the complex diseases caused by the 
interaction of nematodes and fungi (Powell, 1971a, b; Nath et al, 1984; 
Kumar and Sivakumar, 1981; Edward et al, 1984; Tiwari, 1998; Abdel-
Momen and Starr, 1998; Kumar and Sivagami, 1999). 
Occurrence oiRotylenchulus reniformis (Linford and Ohveira, 1940 and 
a fungus, Rhizoctonia solani Kiihn was obsei^ved in lentil growing areas of 
Aligarh District of Uttar Pradesh, India. It was observed that there were patches 
in the field, where the lentil plants were badly damaged as compared to nearby 
plants in the same field. Isolation of nematode from the roots and soil and 
fimgus from roots of such plants indicated heavy infestation of/?, solani and 
R. reniformis. However, in other neighbouring areas where these pathogens 
were present singly, the damage was comparatively lesser. 
Keeping in view the importance of the crop and the association of 
nematode and the fungus observed in the field, it was considered desirable 
to study whether this aggravated damage was causal or due to the result of 
interaction between nematode and fungus on lentil crop. With this aim in 
view the following aspects have been studied. 
Varietal reaction of lentil to the test nematode and fungi : 
Twenty varieties of lentil (DPL-25, DPL-26, DPL-28, DPL-33, 
DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, DPL-43, DPL-
44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-90-103, 
LH-90-84 and LH-90-87) were screened for their reaction to the 
reniform nematode, Rotylenchulus reniformis and also to host specific 
fungi such as root-rot fungus, Rhizoctonia solani on lentil, using 
different inoculum levels. The resistance/susceptibility reaction was 
assessed not only on the basis of multiplication rate in case of R. 
reniformis and root-rot index in case of R. solani, but also on the 
basis of reduction in different plant growth parameters. In presence 
of Rhizobium, lentil varieties DPL-43, LH-90-57, DPL-44 and LH-90-
85 were found resistant to R. reniformis where as LH-90-85 to R. 
solani. 
In case of lentil, the root-rot fungus was found to be most 
damaging while the reniform nematode the least. The inoculum level 
of the pathogens was found directly correlated to the extent of plant 
damage in terms of length, fresh and dry weight of plants, pod-
numbers, chlorophyll content and root-nodulation. Reproduction factor 
of nematode was found high at low inoculum level but reduction in 
growth parameters was less at low inoculum level. However, at the 
higher inoculum level, the reproduction factor decline sharply but 
plant growth was affected adversely. Nematode multiplication was 
increased as the inoculum level increased (Tables-la, 2a). 
The reaction of different varieties of lentil to the test pathogens 
was also studied in absence of Rhizobium. It was revealed that all 
the test pathogens brought about greater damage to various growth 
parameters. Moreover, the cultivars found resistant in presence of 
Rhizobium, showed susceptibility in absence of Rhizobium to varying 
extent (Tables-lb, 2b). 
Influence of antagonistic fungi against nematode and fungi on 
lentil : 
In a pot study, influence of some antagonistic fungi {R lilacinus, 
T. viride, A. niger, V. chlamydosporium, A. oligospom) were assessed 
against R. reniformis singly or in combination with R. solani on lentil. 
Among all the antagonistic fimgi, P. lilacinus was found to be highly 
effective followed by T. viride, A. niger, V. chlamydosporium and A. 
oligospora in limiting the detrimental effects of the pathogens. The 
different treatments were found to be more effective to R. reniformis 
than R. solani. As a consequence, plant growth parameters such as 
plant length, fresh weight, dry weight, pod number, chlorophyll content 
and root-nodulation improvement was observed (Tables-3a, 4a, 5a, 6a 
and 7a). A similar experiment was also done in the absence of 
Rhizobhm (imbacterized seeds), here in this case the overall growth of 
plants was less, both in pathogen inoculated as well as miinoculated 
plants (Tables- 3b, 4b, 5b, 6b and 7b). 
Effect of oil-seed cakes in combination with P. lilacinus against 
nematode and fungi on lentil ; 
In a pot study, efficacy of different oil-seed cakes (neem, 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan) were also evaluated against R. reniformis and soil-inhibiting 
fungi, R. solam on lentil. Among all oil-seed cakes, neem-seed cake 
was found to be highly efficacious followed by castor, mahua, 
mustard, sesamum, soybean, groundnut, linseed, karanj, duan in 
limiting the deterimental effects of the pathogens. 
Highest inhibition in population of R. remformis was noted in 
beds treated with neem-seed cake and P. lilacinus followed by 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan. Moreover less similar pattern was also noted in the reduction 
of frequency of pathogenic fungi. Frequency of saprophytic fungi 
increased in beds treated with oil-seed cakes and R lilacinus where 
neem-seed cake with P. lilacinus gave the best results followed by 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan-seed cake (Tables-8a, 9a, 10a, 11a, 12a, 13a, 14a, 15a, 16a, 
17a). 
As a consequence of reduct ion in the popula t ion of R. 
reniformis and frequency of R. solani, the plant growth (length, fresh 
weight, dry weight, pod number, chlorophyll content and root-
nodula t ion) of lentil improved. Moreover, there was posi t ive 
correlation between the improvement in plant growth and reduction 
in pathogenic nematode and fungi (Tables-8a, 9a, 10a, 11a, 12a, 13a, 
14a, 15a, 16a, 17a). 
A similar experiment was also done in the absence of Rhizobium 
(unbacterized seeds), here in this case the overall growth of plants was 
less, both in pathogen inoculated as well as uninoculated plants (Tables-
8b, 9b, 10b,lib, 12b, 13b, 14b, 15b, 16b, 17b). 
The effect of different treatments also persisted even after a 
lapse of 12 months in the next growing season when lentil was 
grown. The population of R. reniformis as well as frequency of R. 
solani could not increase as freely as in case of untreated beds, 
consequently improving plant growth characters. In this crop, the 
multiplication of nematode was below the initial population of the 
preceding crop in all the treatments. 
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1. Introduction 
Cultivation of leguminous crops is worldwide from ancient times 
because of their economic utility being next to cereals only (Allen and 
Allen, 1958). In India, legumes are cultivated in almost all the states either 
alone or mixed with other crops. Legumes include pulse, vegetable, fodder 
and green manuring crops. Since pulses contain nearly three times as 
much proteins as in the cereals and because proteins from pulses are cheaper 
they occupy a significant place in the Indian diet as one of the main sources 
of protein. (Jeswani and Vanchaik, 1968; Chand and Shrivastava, 1982). A 
mixed diet consisting of pulses and cereals is almost as rich in proteins as 
obtained from the animal products (Panikkar, 1968). Moreover, a 
significantly large population of India being vegetarian, pulses play a key 
role in the daily diet of Indian people. They constitute a rich source of 
fodder for cattle also (Kaul and Sekhon, 1974), and are generally used for 
green manuring. 
Pulse crops also play a significant role in maintaining soil fertility as 
they have a unique mechanism for using the inert niti'ogen gas directly 
from the soil atmosphere (Chowdhary, 1968). It is estimated that about 14 
to 53 metric tonnes of nitrogen is fixed annually by the symbiotic association 
between nitrogen fixing bacteria and the legumes (Quispel, 1974). The 
forage legumes fix approximately 125-300 kg nitrogen/hectare/year and 
pulse legumes fix about 50 to 60 kg nitrogen/hectare/year (Mishustin and 
Shilnikova, 1971). The total production of pulses in our country was 13.07 
million tonnes (MT) in the year 1999-2000 and the crop grown over 22.85 
million hectares, yielded 57 kg per hectare till now. 
Lentil is one of the principal pulses crop in common use in India. The 
unripe pods are used as a green vegetables and dry leaves, stalks, husk and 
broken grain as cattle feed. It is cultivated in all parts of India especially 
Bengal, Madras, M.P. and U.P. (Watt, 1890). It is sown in all kinds of soil. 
In the Kashmir valley, it is grown for green manuring paddy. Generally it 
is a winter crop, Randhawa (1958), is of the opinion that it is also grown as 
kharif crop in some parts of the country. It contains (25.1%) protein next 
to Soyabean (43.2%). 
Inspite of some significant achievements, pulses research and 
development still face many challenges. According to World Health 
Organisation (WHO) and Food and Agricultural Organisation (FAO), the 
per head pulse requirement for a day is 80 gms. But, unfortunately the 
production of pulse crop is far below the approved per capita. It is reported 
that the availability of pulses per capita declined sharply from 64 gms in 
1951-56 to less than 40 gms in 1985-86. The government has set up the 27 
mission mode projects operationalized under the National Agricultural 
Technology Project (NATP), for focused research on issued of critical 
importance. The basic object of NATP is region specific and economically 
safe Integrated Pest Management (IPM) models developed for cotton, rice, 
pulses, vegetables and oil seeds. 
In the tropical substance agriculture, the yield of pulses are often far 
below the World standards. One of the causes could be loss due to poor 
plant protection measures, various pathogens such as bacteria, fungi, viruses 
and nematodes, cause serious damage to pulse crops either alone or in 
association with one another. 
Though, the plant parasitic nematodes often cause severe damage to 
cultivated crops, their role as a limiting factor in Agricultural production 
has not been generally appreciated. These microscopic organisms, 
sometimes also called thread worms, eelworms, round worms, etc. mostly 
inhabit the soil in association with the roots of plants. A few species feed 
on the aerial parts of plants too, such as stems, leaves, earheads, grains etc. 
Unlike insects and other disease-causing agents like bacteria, fungi and 
viruses, nematode populations increase rather slowly, and the diseases 
caused by them are, generally, not of sudden epidemic type resulting in 
obvious destruction of the crop over vast areas in a matter of days, but 
cause slow decline in yields spreading over years. 
Soil is a complex ecosystem harbouring a wide variety of life forms 
such as bacteria, viruses, fungi, nematodes, insects and protozoa etc. besides 
higher plants- the primary producers. Under such an ecological situation it 
is not unnatural that naturally occuring microorganisms (i.e. primary and 
secondary consumers) interact with each other primarily because of their 
competition for food and survival providing an opportunity to show various 
types of interactions such as (i) Amensalism in which one population is 
inhibited but the other is not affected, (ii) Parasitism (iii) Neutralism in 
which neither population is affected by their association, (IV) Competition 
(Direct inhibition type) where each population adversely affects the other 
during the struggle for utilizing common resources which are not in short 
supply, (v) Predation in which one population adversely affects the other 
by direct attack, (vi) Commensalism in which one population is benefitted 
but the other is not affected, (vii) Proto-co-operation in which both 
populations are benefitted by their association but relationship is not 
obligatory and (viii) Mutualism in which growth and survival of both 
populations are benefitted under natural conditions, neither can survive 
without the other. 
All such interactions have three major components namely the host 
plant, the nematode and one or more other pathogenic or saprophytic 
organisms. These pathogenic interrelationships often show additive, 
synergistic or antagonistic effect on plant disease development. 
Plant parasitic nematodes by themselves are capable of causing severe 
disease symptoms but in the presence of other soil micro-organisms, the 
damage at times, becomes devastating. In fact under field conditions there 
is probably no soil borne plant diseases which can be said to have 
monopathogenic origin. Thus most of the soil borne plant diseases are often 
the result of interaction of two or more pathogens of the same or different 
groups causing complex diseases. Several such associations involving fungi, 
bacteria and nematodes have been investigated. During the last 4-5 decades 
considerable attention has been paid to the complex diseases caused by the 
interaction of nematodes and fungi (Powell, 1971a, b; Nath et al, 1984; 
Kumar and Sivakumar, 1981; Edward et al, 1984; Tiwari, 1998; Abdel-
Momen and Starr, 1998; Kumar and Sivagami, 1999). 
Occurrence of Rotylenchulus reniformis (Linford and Ohveira, 1940 and 
a fungus, Rhizoctonia solani Kuhn was observed in lentil growing areas of 
Aligarh District of Uttar Pradesh, India. It was observed that there were patches 
in the field, where the lentil plants were badly damaged as compared to nearby 
plants in the same field. Isolation of nematode from the roots and soil and 
fungus from roots of such plants indicated heavy infestation oiR. solani and 
R. reniformis. However, in other neighbouring areas where these pathogens 
were present singly, the damage was comparatively lesser. 
Keeping in view the importance of the crop and the association of 
nematode and the fungus observed in the field, it was considered desirable 
to study whether this aggravated damage was causal or due to the result of 
interaction between nematode and fungus on lentil crop. With this aim in 
view the following aspects have been studied: 
1(a) Reaction of different varieties of lentil {Lens culinaris) to the 
reniform nematode, Rotylenchulus reniformis in the presence of 
Rhizobiiim. 
(b) Reaction of different varieties of lentil {Lens culinaris) to the 
reniform nematode, Rotylenchulus reniformis in the absence of 
Rhizobium. 
2(a) Reaction of different varieties of lentil {Lens culinaris) to the root-
rot fungus, Rhizoctonia solani in the presence of Rhizobium. 
(b) Reaction of different varieties of lentil {Lens culinaris) to the root-
rot fungus, Rhizoctonia solani in the absence of Rhizobium. 
3(a) Influence of individual and combined inoculations of R lilacinus 
with Rotylenchulus reniformis and/or Rhizoctonia solani on nematode 
multiplication, root-nodulation and plant growth of lentil {Lens 
culinaris) variety DPL-47 in the presence of Rhizobium. 
(b) Influence of individual and combined inoculations of R lilacinus 
Wi^ Rotylenchulus reniformis d^d!ox Rhizoctonia solani on nematode 
multiplication and plant growth of lentil {Lens culinaris) variety 
DPL-47 in the absence of Rhizobium. 
4(a) Influence of individual and combined inoculations of Trichoderma 
viride with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication, root-nodulation and plant growth of lentil 
{Lens ciilinaris) variety DPL-47 in the presence of Rhizobium. 
(b) Influence of individual and combined inoculations of Trichoderma 
viride with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication and plant growth of lentil {Lens ciilinaris) 
variety DPL-47 in the absence oi Rhizobium. 
5(a) Influence of individual and combined inoculations of Aspergillus 
niger with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication, root-nodulation and plant growth of lentil 
{Lens cidinaris) variety DPL-47 in the presence of Rhizobium. 
(b) Influence of individual and combined inoculations of Aspergillus 
niger with Rotylenchidus reniformis and/or Rhizoctonia solani on 
nematode multiplication and plant growth of lentil {Lens cidinaris) 
variety DPL-47 in the absence of Rhizobium. 
6(a) Influence of individual and combined inoculations of Verticillium 
chlamydosporium with Rotylenchulus reniformis and/or Rhizoctonia 
solani on nematode multiplication, root-nodulation and plant growth 
of lentil {Lens culinaris) variety DPL-47 in the presence of 
Rhizobium. 
(b) Influence of individual and combined inoculations of Verticillium 
chlamydosporium with Rotylenchulus reniformis and/or Rhizoctonia 
solani on nematode multiplication and plant growth of lentil {Lens 
cidinaris) variety DPL-47 in the absence of Rhizobium. 
7(a) Influence of individual and combined inoculations of Arthrobotrys 
oligospora with Rotylenchulus reniformis and/or Rhizoctonia solani 
on nematode multiplication, root-nodulation and plant growth of lentil 
(Lens cidinaris) variety DPL-47 in the presence of Rhizobium. 
(b) Influence of individual and combined inoculations of Arthrobotrys 
oligospora with Rotylenchulus reniformis and/or Rhizoctonia solani 
on nematode multiplication, and plant growth of lentil {Lens 
cidinaris) variety DPL-47 in the absence of Rhizobium. 
8(a) Effect of neem-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of neem-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
9(a) Effect of castor-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens cidinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of castor-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
10(a) Effect of mahua-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence of 
Rhizobium. 
(b) Effect of mahua-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lem culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
11 (a) Effect of mustard-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of mustard-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
12(a) Effect of sesamum-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of sesamum-seed cake md Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
13(a) Effect of soybean-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of soybean-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
14(a) Effect of groundnut-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of groundnut-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
15(a) Effect of linseed-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of linseed-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
16(a) Effect of karanj-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of karanj-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchidus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
17(a) Effect of duan-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens ctdinaris) variety DPL-47 inoculated with 
Rotylenchidus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
(b) Effect of duan-seed cake and Paecilomyces lilacinus on different 
parameters on lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
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2. Review of Literature 
Under natural conditions a plant is a potential host to various micro-
organisms and they can influence each other by occupying the same habitat. 
Infection by one pathogen can alter host response to subsequent infection 
by another pathogen. Different parasites on the same plant interact, which 
resul ts in disease complexes, and these in te rac t ions may lead to 
susceptibility by predisposition or resistance through preinduction of 
resistance against a particular parasite (Sidhu and Webster, 1981). 
Roots grow in soil containing a great number of micro-organisms, 
whose action is often combined to induce damage. Plant-paras i t ic 
nematodes often play a major role in disease interactions. Interaction 
involving nematodes is important because they contribute substantially to 
variability in crop growth (Zadoks and Schein, 1979). It is possible that 
some dramatic crop losses involving nematodes are due to the interation 
between several determinants that exacerbate the effects (Wallace, 1983). 
The association between nematodes and other pathogens in plant disease 
encompasses a wide array of species and results in a biological balance 
that may even lead to an understanding of a few interactions. It seems 
reasonable to expect that infection by one pathogen may alter the host 
response to subsequent infection by another (Taylor, 1990). 
The mechanism of interaction and the precise role of each component 
in a disease complex are as follows:-
Synergistic Interaction (Positive Interaction): 
Synergistic interactions between nematode and fungus have been 
observed by various workers which are summarised as follows 
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Reynolds and Hanson (1957) reported greater severity of post-
emergence damping-off in cotton caused by Rhizoctonia solani in the 
presence of Meloidogyne incognita acrita. Likewise, Norton (1978) 
observed that the presence of M incognita acrita resulted in more pre-
emergence damping-off of cotton caused by Fusarium oxysporim f. sp. 
vasinfectum (Atk.). 
On chickpea, Meloidogyne incognita interacted with Fusarium 
oxysporiim to reduce plant weight (Kumar et al, (1988), with greater 
damage occuring if nematode infection was established before inoculation 
of the fungus (Mani and Sethi, 1987), an effect also noted with F solani, 
Pythium aphanidermatiim and Rhizoctonia solani were both found to 
interact with M. incognita on chilli, causing some loss of nematode 
resistance in the two cultivars tested (Hasan, 1985) where_as the interaction 
of P. debaryanum with this nematode appeared to be due to a physiological 
response of the plants to nematode infection, making the roots more 
susceptible to invasion by the fungus (Brodie and Cooper, 1964). 
Inoculation of cowpea with M. incognita and R. solani led to breakdown 
of resistance to both organisms (Khan and Hussain, 1989), and the greatest 
decrease in plant dry wieght occurred if the nematode was inoculated two 
weeks before the fungus (Varshney et al, 1987). 
Anver et al, (1991) studied the interactions between R. reniformis 
and M. phaseolina on lentil and were resulted that the severity of root-
rot increased in the presence of nematode. Although ginger was susceptible 
to root-rotting caused by P. aphanidermatum, or by F. solani, prior 
infection with M. incognita appeared to prevent rotting caused by P. 
aphanidermatum. Whereas, the rotting caused by F solani became more 
severe (Doshi and Mathur, 1987). Rotting of ginger roots by P. myriotylum 
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was equally severe in the presence or absence of M. incognita but the 
presence of the fungus decreased nematode reproduction (Lanjewar and 
Shukla, 1985). Similarly Makhnotra et al, (1997) showed an interaction 
of M. incognita with Fusarium oxysporum in rhizome rot of ginger, 
confirmed that disease incidence was higher when nematode and fungus 
were present together, than when either were present alone. 
Srivastava and Singh (1991) reported that F. oxysporum and R. solani 
interact with M incognita on tomato, occurred greatest damage when all 
three pathogens were inoculated together or when one pathogen was 
inoculated immediately after another. Likewise, self interaction of the 
reniform nematode, R. reniformis on tomato showed a greater reduction 
in growth (Ahmad and Alam, 1997). Tomatoes have frequently been 
reported to suffer the effects of disease complexes, with M. incognita 
interacting with F. oxysporum (Gonzalez, 1982; El-Sherif and Elwakil, 
1991) and with R. solani (Chahal and Chhabra, 1984; Hasan and Khan, 
1985). 
Macrophomina phaseolina interacted with Meloidogyne javanica 
on lentil to cause most damage when the two organisms were inoculated 
simultaneously but the fungus inhibited nematode reproduction, especially 
when it was inoculated first (Tiyagi et al, 1988). Meloidogyne 
incognita interacted with F oxysporum f. sp. lentis on lentil to cause 
reduction in growth parameters (Fazal et al., 1994). 
Kumar and Vadivelu (1997) studied the effect of individual and 
concomitant inoculations of Meloidogyne incognita, Rotylenchulus 
reniformis and Rhizoctonia solani on brinjal, found that the greatest loss 
with all three pathogens combined, followed by both the nematodes 
combined. 
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Meloidogyne arenaria interacted with Aspergillus flavus to cause 
increased root disease of peanut and this was accompanied by reduced 
nematode multiplication (Patel et al, 1986). This species of nematode 
also interacted synergistically with Pythium myriotylum on peanut (Garcia 
and Mitchell, 1975a). While as Abdel-Momen and Starr (1998) reported 
Meloidogyne javanica and Rhizoctonia solani disease complex of peanut, 
resulted that peanut yield was more suppressed by both the pathogens 
than by either pathogen alone. Cylindwcladium crololariae causes black 
rot of peanut roots and severity of this disease was much enhanced by the 
presence of M hapla, even on Cylindrocladium black rot-resistant roots 
(Diomande and Beute, 1981a), but Macroposthonia ornata was less 
ef fec t ive at predisposing peanut roots to infect ion by this fungus 
(Diomande and Beute, 1981b). 
Rahman et al. (2000) observed the interaction of Meloidogyne 
javanica and three root infecting fungi {F.solani, R. bataticola and F. 
oxysporum f. sp. ciceri) on genotypes (C104, BG 212, JG 62 and WR 
315) of chickpea resulted that the interaction between F. oxysporum f. sp. 
ciceri and M. javanica was synergistic on wilt susceptible genotypes. 
Similarly, Siddiqui and Husain (1991) interacted M incognita race 3 with 
M. phaseolina on chickpea and was found that both the pathogens leads 
synergistic effect on plant growth reduction. Meloidogyne javanica 
interacted with F oxysporum f. sp. ciceris to cause synergistically on some 
chickpea cultivars (Khan and Hosseini-Nejad 1991). 
Tiwari (1998) reported that Heterodera cajani interacted with the 
fungus Rhizoctonia bataticola on Vigna mungo to suppressed root-
nodulation included stunting. Similarly Fazal et al, (1998) studied a 
disease of blackgram involving M. javanica and Rhizoctonia bataticola, 
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resulted that the interaction indicating a synergistic effect on plant growth. 
Cylindrocarpon obtusisporum caused no appreciable damage to 
arecanut seedlings on its own but, when introduced three weeks after 
Radopholus similis, root lesions were more extensive than those caused 
by the nematode alone (Sundararaju and Koshy, 1987). However, the 
fungus inhibited multiplication of the nematode so root lesions and effects 
on plant growth were actually less except when the nematode was 
introduced three weeks prior to the fungus. Stover (1966) suggested that 
Fusarium solani and Rhizoctonia sp. may contribute to the extension of 
lesions in banana roots caused by R. similis and even to the death of roots, 
Whilst Pinochet and Stover (1980) found F. solani, F moniliforme and C. 
musae to be commonly associated with banana root lesions.Experimentally 
Jonathan and Rajendran (1998) found that the interaction between M. 
incognita and F. oxysponm f sp. cubense on banana cv Rasthali, occurred 
synergistic interaction between the pathogens both in concomitant and 
sequential inoculations resulting in significant reduction in plant growth. 
Anver and Alam (1997) observed that the effect of root-knot and 
reniform nematodes alone and in combination on the growth of pigeonpea, 
they resulted thatM. incognita caused greater reduction than R. reniformis 
at the same inoculum level. In concomitant inoculation of M. incognita 
and R. reniformis, There was greater suppression in plant growth and bulk 
density of pigeonpea stems. Similarly, Siddiqui and Mahmood (1996) 
measured that combined inoculation of H. cajani, M. incognita and F. 
udum at higher inoculum doses of 1000 nematodes/ l.Og fungus/ pot caused 
the greatest damage of pigeonpea cv. UPAAS-120. 
Meloidogyne incognita interacted with Fusarium solani on papaya 
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showed greatest plant growth suppression was caused by their simultaneous 
inoculations followed by the sequential inoculation of nematode 15 days 
prior to fungus and of fungus 15 days prior to nematode (Khan and Husain, 
1991). Similarly Ramakrishnan and Rajendran (1999) showed interaction 
between M. incognita and R. reniformis on papaya. They investigated that 
the greatest reduction in a, b and total chlorophyll content, increase in 
leaf temperature, decrease in photosynthesis. 
Inagaki and Powell (1969) wounded tobacco roots mechanically to 
show that symptoms of black shank infection to develop as quickly as 
when plants were inoculated with Pratylenchus brachyuriis. Patel and Patel 
(1991) showed the interaction between root-knot nematodes and reniform 
nematode on tobacco cv Anand 119, resulted that M. incognita or M. 
javanica were predominant over R. reniformis. 
Suarez et ai, (1999) suggested that the Meloidogyne spp. interacted 
with Macrophomina and Fusarium showed synergistic effect on guava 
plants, whilst Jonathan et ai, (1996) studied interaction of M incognita 
and Phytophthora palmivora on betelvine, they resulted that synergistic 
interaction occurred between nematode and fungal pathogens on the 
bete lvine crop. Similarly Rotylenchulus reniformis in teracted with 
Phytophthora palmivora on betelvine also showed the synergistic effect 
(Jonathan 1997) 
Table 2.1: Nematode-fungus associations with a synergistic effect on 
plant damage. 
Crop Nematode Fungus Reference ~ 
Banana M. incognita F. oxysporum f. Jonathan and 
cubense Sundarraju (1998) 
Radopholus Fusarium solani Stover (1966) 
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similis Rhizoctonia spp. 
R. similis Cylindrocarpon Sundarraju 8c 
obtusisporum Koshy (1987) 
Betelvine M. incognita Phytophthora Jonathan et al, 
palmivora (1996) 
R. reniformis P. palmivora Jonathan et al., 
(1997) 
Brinjal M. incognita Rhizoctonia Kumar and 
R. reniformis solani Vedivelu (1997) 
Blackgram M. javanica R. bataticola Fazal et al, (1998) 
H. cajani R. bataticola Tiwari (1998) 
Chickpea M. incognita F. oxysporum Kumar et al, (1988) 
M. javanica F. oxysporum Rahman et al, 
f. sp. ciceri (2000) 
M. incognita M. phaseolina Siddiqui and 
Husain(1991) 
Chilli M. incognita Pythium Hasan (1985) 
debaryanum 
M. incognita P. aphanidermatum Mani and Sethi 
R. solani (1987) 
Cotton M. incognita f. F. oxysporum Norton (1978) 
sp. acrita 
M. incognita R. solani Reynolds and 
Hanson (1957) 
Cowpea M. incognita R. solani Khan and Husain 
(1989) 
Ginger M. incognita Pythium myriotylum Doshi and Mathur 
F. solani (1987) 
M. incognita F. oxysporum Makhnotra et al. 
(1987) 
Guava M. incognita Macrophomina spp. Suarez et al., (1999) 
Fusarium spp. 
Lentil M. incognita F oxysporum f.sp. Fazal et al, (1994) 
lent is 
M. javanica Macrophomina Tiyagi et al, (1988) 
phaseolina 
Papaya M. incognita Fusarium solani Khan and Husain 
(1991) 
Peanut M. javanica R. solani Abdel-Momen and 
Starr (1998) 
M. hapla Cylindrocladium Diomande and 
crotolariae Beute (1981a) 
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M. arenaria 
M. arenaria 
Pigeonpea Heterodora 
Pythium myriotylum Garcia and Mitchell 
(1975a) 
Aspergillus flavus 
F. lidum 
cajani 
Meloidogyne incognita 
Tomato R. reniformis (self interaction) 
M. incognita F. oxysporum 
M. incognita F. oxysporum 
R. solani 
Patel etal, (1986) 
Siddiqui and 
Mahmood (1996) 
Ahmad and Alam 
(1997) 
Sherif and Elwakil 
(1991) 
Srivastava and 
Singh (1991) 
Additive Interaction (No Interaction): 
Many papers discuss actual or suspected interact ion between 
nematodes and root-rot fungi. However, not all reports demonstrate 
interaction (Table-2.2). Additive effects occur when the plants damage 
observed corresponds to the sum of the effects of the nematode and fungus 
separately. 
Doyle et al. (1987), in field experiments in Australia, investigated 
the cause of wheat yield decline. Pratylenchus thornei was thought to be 
involved with Bipolaris sorokiniana in causing root-rot, the damage to 
crops was simple additive effect. Similarly Jackson and Minton (1968) 
investigated the invasion of peanut pods by Aspergillus flavus in the 
presence of Pratylenchus brachyurus to establish if there was a relationship 
between the two organisms in field microplots. In trials from 1965 to 1967, 
while numbers of A. flavus and A. niger in the kernels were unaffected by 
the presence of lesion nematodes, total numbers of all fungi in kernels at 
pod maturity were increased. The authors concluded that the results showed 
no interaction between P. brachyurus and A. flavus. 
Abawi and Barker (1984) researched the effects of tomato cultivar, 
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soil temperature and levels of Meloidogyne incognita on/or root necrosis 
and Fusarium wilt. Factorial analysis of data from glasshouse pot trials 
showed no interaction between low levels of the nematode and F. 
oxysporum irrespective of the resistance status of the tomato plant to the 
nematode. 
In glasshouse trials, Abawi and Jacobsen (1984) showed that there 
were no interactions between Heterodera glycines, Fusarium and Pythium 
spp., on Kidney bean at a range oiH. glycines population densities from 
1 to 100 eggs cm"^  of soil. 
Investigating the epidemiology of maize root-rot in South Africa, 
Chambers (1987) isolated nematodes and fungi from naturally infected 
field plots. Helminthosporium pedicellatum, Fusarium moniliforme and 
Pralylenchus spp. were the most commonly isolated organisms. The 
numbers of root lesion nematodes were not significantly correlated with 
fungus frequency or root-rot development. It was suspected that an 
interaction had occurred but due to the small nematode infestation the 
effect could not be quantified. 
Whitney (1974) used factorial glasshouse experiments to investigate 
the effects of Pythium ultimum and P. aphanidermatum with an without 
Heterodera schachtii on root-rot of sugar-beet. One in four yield tests 
revealed a significant synergistic interaction between P. ultimum and H. 
schachtii but the effects of P. aphanidermatum and H. schachtii on yield 
in all tests were only additive. 
Sharma and Gill (1980) observed that M. incognita interacted with 
R. solani on potato showed no interaction between M. incognita and R. 
solani. Likewise, Wheeler and Riedel (1994) while working on interactions 
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between Pratylenchus penetrans, P. scribneri and Verticillium dahliae on 
the potato found that population density of P. penetrans was affected only 
by V. dahliae. 
La Mondia (1999) studied on effects of Pratylenchus penetrans and 
Rhizoctonia fragariae on vigour and yield of strawberry, showed that the 
interaction of the two pathogens appeared to be additive rather than 
synergistic. Similarly Rao and Krishnappa (1996) observed that the 
interaction effects of Meloidogyne incognita and Fusarium oxysporum f. 
sp. ciceri on root-knot disease and wilt incidence in chickpea cultivars, 
resulted that the root-knot index was lower in the presence of F. oxysporum 
f. sp. ciceri. 
It is possible that the number of cases in which no interactions are 
reported may under estimate the frequency with which they are observed, 
as such results may be considered less exciting and less worthy of 
publication. 
Table 2.2: Nematode- fungus associations with either no effect from 
at least one of the organisms or, at the most, an additive 
effect on plant damage 
Crop Nematode Fungus Reference 
Chickpea M. incognita F. oxysporum Rao and Krishnappa 
f . sp. ciceri (1996) 
Kidney bean Heterodera glycines Fusarium spp. Abawi and 
Pythium spp. Jacobsen (1984) 
Maize Pratylenchus spp. Helminthosporium Chambers 
pedicellatum (1987) 
Fusarium moniliforme 
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Peanut P. hrachyurus 
Potato M. incognita 
P. penetrans 
P. scribneri 
Strawberry P. penetrans 
Sugarbeet H. schachtii 
Tomato 
Wheat 
M. incognita 
P. thornei 
Aspergillus flavus Jackson and 
Minton (1968) 
R. solani 
(Bacterial 
interaction) 
R. fragariae 
Sharma and Gill 
(1980) 
Wheeler and 
Riedel(1994) 
La Mondia (1999) 
R ultimum Whitney (1974) 
P. aphanidermatum 
F. oxysporum Abawi and Barker 
(1984) 
Bipolaris sorokiniana Doyle et at. (1987) 
Antagonistic Interaction (Negative Interaction): 
In this interactions there is a dynamic balance between the effects of 
the organisms involved, and this balance is disturbed in synergistic 
interactions. 
Hussey and Roncadori (1978) observed that the interaction between 
Pratylenchus hrachyurus and Gigospora margarita on cotton, resulted 
in stimulating the growth of cotton plant despite the presence of nematode 
{Pratylenchus hrachyurus). Likewise, Khan et ai, (1978) while studying 
the mixed inoculations of Meloidogyne incognita and Tylenchorhynchus 
hrassicae on tomato, adversely affected the multiplication rate of both 
the nematodes. In the presence of T. hrassicae multiplication rate of M. 
incognita was suppressed. 
Perez Sendin et ai, (1986) inoculated soybeans with Rhizoctonia 
solani and Meloidogyne incognita and found that the fungal infection 
index for the roots was significantly less than when the fungus was 
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inoculated singly. When sugar-cane plants were inoculated with M. 
incognita or Pratylenchus zeae, growth was much reduced. Pythium 
graminicola also reduced growth (some what less than the nematodes) 
but when either species of nematode was inoculated with the fungus their 
combined effect on growth was considerably less than additive. When 
both species of nematode were inoculated with the fungus, plants grew as 
well as uninoculated controls even though there was considerable nematode 
reproduction (Valle-Lamboy and Ayala, 1980). In contrast, Santo and 
Holtzmann (1970) found much reduced reproduction of Pratylenchus zeae 
in the presence of Pythium graminicola on sugar-cane. There was little 
effect on cowpea growth when either M incognita or R. solani was 
inoculated separately or together, but nematode reproduction was less when 
the two organisms were added together (Kanwar et al, 1987). A similar 
effect on reproduction of M. javanica on peanuts was found when R. 
bataticola or Fusarium solani was added with the nematodes, R. bataticola 
being the more antagonistic to the nematodes (Sakhiya and Sethi, 1986). 
Several species of fungus reduced the effects of Heterodera schachtii on 
sugar-beet growth and M. javanica on tomato growth and also reduced 
nematode reproduction (Qadri and Saleh, 1990). Similar results were 
reported by Jorgenson (1970), who found that, although H. schachtii and 
F. oxysporum individually reduced sugar-beet growth, the presence of the 
fungus reduced nematode invasion, reproduction and improved plant 
growth. If R. solani was added to cowpea before H. cajani, nematode 
reproduction was severely depressed (Walia and Gupta, 1986a, 1986b) 
and only when the fungus was added two weeks after the nematode showed 
an effect on plant growth (Walia and Gupta, 1986a). Disease severity on 
soybeans was not substantially changed when F. solani and H. glycines 
were inoculated together, as compared to their inoculation individually, 
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but seedling stand was improved (Killebrew etal, 1988). A different type 
of interaction was reported by Rossner and Urland (1983), who found 
tha t ce rea l p l an t s were r egu la r ly co lon i zed by m y c o p h a g o u s 
• 
Aphelenchoides spp. and that>l. hamatus would cause a quick collapse of 
cultures of cereal foot-rot organisms Choi et al, (1988) also exploited 
this capability of mycophagous nematodes when they applied large 
numbers oi Aphelenchiis avenae to soil in which cucumber seedlings were 
growing and effectively suppressed pre-emergence damping-off due to R. 
solani. 
Haseeb and Alam (1984) measured the reproduction of six different 
species of plant-parasitic nematodes on tomato plants grown in soil treated 
with R. solani culture filtrate and found that the reproduction of all of 
them was decreased. Walia and Swarup (1985) showed that culture filtrates 
of three species of nemato- phagous fungi decreased hatching of 
Meloidogyne incognita and Heterodera zeae and decreased penetration 
of tomato roots by Meloidogyne incognita. Also, Aspergillus niger and 
Rhizoctonia solani culture filtrates decreased the numbers of Meloidogyne 
juveniles invading tomato roots and partially suppressed, their reproduction 
(Khan et al., 1984a). Similar results have been reported with culture 
filtrates of Sclerotium rolfsii and Rhizoctonia solani on Meloidogyne 
javanica (Ali, 1989). Chen et al, (2000) also used fungal filtrates from 
nematode- parasitic fungi have been reported to be toxic to H. glycines. 
Mehta and Gupta (1990) s tudied an t agon i s t i c behav iou r of 
Rhizoctonia solani and R. bataticola With Meloidogyne javanica on french 
bean (Phaseolus vulgaris) found that neither R. solani nor R. bataticola 
(Macrophomina phaseolina) had an effect on plant growth, but both 
affected reproduction of M javanica. Similarly Janowicz et al., (1997) 
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observed the role of fungi in reduction of nematode population and they 
found that an inhibitory influence of all the fungi (Botrytis cinerea, 
Fiisarium oxysporum, Phoma exigua, Rhizoctonia solani and Globodera 
rostochiensis) on potato and Meloidogyne incognita on tomato. 
Anver and Alam (1997) studied on control of Meloidogyne incognita 
and Rotylenchulus reniformis singly and concomitantly on pigeonpea with 
Paecilomyces lilacinus, observed that the multiplication rate of nematodes 
were less in the presence of P. lilacinus. Similar work have been done on 
the control of Meloidogyne incognita by Paecilomyces lilacinus on Piper 
betle (Jonathan et al 1995). While as Siddiqui and Mahmood (1993) 
measured the combined inoculations of P. lilacinus and B. subtilis improved 
dry shoot weight significantly when chickpea plants were simultaneously 
inoculated either with M. incognita or M. phaseolina or with both. 
Similarly, the use of Paecilomyces lilacinus and Bacillus subtilis along 
with a green manure (Eicchornia crassipes) resulted in greatest growth of 
tomato inoculated with M incognita (Gautam et al., 1995), also greatest 
suppression in nematode multiplication was caused when Fusarium 
oxysporum f. sp. ciceri was inoculated prior to M javanica, R. reniformis 
and Bradyrhizobium japonicum on chickpea. Each of the three pathogens 
adversely affected nodulation (Siddiqui and Mahmood, 1994). 
Parveen et al, (1998) reported that combined use oiP. lilacinus and 
Pseudomonas aeruginosa was more effective in reducing the infection of 
root-knot nematode in Cyamopsis tetragonoloba, M. phaseolina and F. 
oxysporum on Cucurbita pepo and F. solani on Cyamopsis tetragonoloba 
and Citrullus lanatus than either used alone. Similarly Saikia et al., (1999) 
reported that the efficacy of P. lilacinus or oil-cakes (neem or mustard) 
in controlling M. incognita declined sharply on the succeeding brinjal 
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crop, while as Rao and Reddy (1994) observed that the addition of neem-
cake extracts (5 and 10%) mixed with spores of P. lilacinus to the soil 
was effective in the management of M incognita on egg plant. Rao et ai, 
(1998) also reported that the Meloidogyne incognita population was less 
when the egg plant was inoculated with the Glomus mosseae and P. 
lilacinus. Similar results was obtained on tomato and okra plants treated 
with Glomus fasciculatum against Meloidogyne incognita (Babu et al, 
1999). 
Ahmad and Alam (1997) measured that the combined effect of P. 
lilacinus and 5% fly ash improved tomato plant growth against M. 
incognita. Fatemy (1998) showed antagonistic activity of P. fumosowseus 
against Meloidogyne javanica and Heterodera schachtii, while as the 
addition of chopped fresh leaves of castor (Ricinus communis), eucalyptus 
{Eucalyptus citriodora) or neem {Azadirachta indica) enhanced growth 
of okra and tomato infested with or without M incognita (Walia et al, 
1999). Colombo et al, (1995) resulted that the use of predatory fungi 
{Arthrobotrys spp.) against root-knot nematodes on egg plant caused a 
reduction of the second stage juveniles in the soil during the growing 
season. 
Sankaranarayanan and Sundarababu (1998) studied the effect of 
Rhizobium on the interaction of VAM and root-knot nematode on 
blackgram (Vigna mungo), found least nematode population density and 
the maximum spore, mycorrhizal colonizat ion, total n i t rogen and 
phosphorus content of blackgram. While as Robin et a/., (1998) suggested 
that bacterial strains {Arthrobotrys oligospora ORS 18692 57) enhanced 
in vitro fungal activity against Me/o/(iogy«e spp., which resulted in better 
control of the nematode and improved plant growth. Kannan and Lingaraju 
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(1999) suggested that Cladosporium herbarum parasitized 97% of 
Heterodera cajani cysts in 96 hour, while Botryodiploidea theobromae 
parasitized only 49% of the cysts in 96 hour. 
Nicole and Abawi (2000) suggested that the Hirsutella rossiliensis 
and Verticillium chlamydosporium as biocontrol agents of the root-knot 
nematode Meloidogyne hapla on lettuce. Similarly Chen et al., (2000) 
found that Bacillus thuringiensis, Paecilomyces marquandis and 
Streptomyces costaricanus with and without organic amendments suppress 
the Meloidogyne hapla population against lettuce crop. 
Jehan Ara et al, (1997) reported that the use of Paecilomyces 
aeruginosa with Sargassum swarlzii or S. wightii showed significant 
reduction in the M. javanica population on okra plants. 
Ismail and Badawi (1998) observed the role of certain composted 
plant or animal residues in the control of Rotylenchulus reniformis on 
cowpea resulted that soil amendment with 5 organic composts of plant or 
animal residues sawdust (SD), rice straw (RS), banana tree (BT), Maize 
stalks (MS) and cattle dung (CD) @ 0.25, 0.5 and 1.0% (w/w) showed 
significant reduction in numbers of R. reniformis. 
In view of the fact that habitat of both nematode and fungi mentioned 
in the disease complex in rhizosphere which is harboured by large number 
of saprophytic fungi and also that rhizosphere mycoflora have influenced 
the disease severity caused by fungi, it is necessary to screen the 
rhizospheric fungi against the disease complex involving Rotylenchulus 
reniformis and Rhizoctonia solani, which are two very important pathogens 
of vegetable crops. The present study is aimed in this direction. 
Table 2.3: Nematode-fungus associations in which plant damage is less 
than would be expected from the additive effect of the two 
organisms (i.e. antagonistic interactions) 
Crop Nematode Fungus Reference 
Chickpea M. javanica Fusarium Siddiqui & 
R. reniformis oxysporum Mahmood (1994) 
f. sp. ciceri 
Cowpea Heterodera cajani Rhizoctonia Walia and Gupta 
bataticola (1986a) 
French bean M. javanica R. bataticola Mehta and Gupta 
R. solani (1990) 
Lettuce M. hapla Streptomyces Chen et al., 
costaricanus (2000) 
Okra M.javanica P. lilacinus Walia etal, (1991) 
M. incognita P. lilacinus Walia e/^/.,(]999) 
Potato Globodera Botrytis Janowicz et al., 
rostochiensis cinerea (1997) 
Fusarium 
oxysporum 
Phoma exigua 
R. solani 
Tomato M. incognita P. lilacinus Ahmad and Alam 
(1997) 
M. javanica F. oxysporum Qadri & Saleh 
E solani (1990) 
M. incognita Aspergillus Majid and 
niger Goswami (2000) 
M. incognita Aspergillus Goswami & 
terreus Sharma (2001) 
P. lilacinus 
M. incognita P. lilacinus Walia etal, (1999) 
Sugarbeet Heterodera schachtii F. oxysporum Jorgenson (1970) 
Sugarcane M. incognita Pythium Valle-Lamboy & 
Pratylenchus zeae graminicola Ayala (1980) 
Soybean Heterodera F. solani Killebrew et al., 
glycines (1988) 
M. incognita R. solani Perez Sendin 
etal, (1986) 
Wheat Aphelenchoides Fusarium Rossner and 
hamatus culmorum Urland (1983). 
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3. Materials and Methods 
The plant parasitic nematode, Rotylenchulus reniformis (Linford and 
Oliveira, 1940) and a fungus, Rhizoctonia solani Kiihn were selected as 
test pathogens. Lentil {Lens culinaris Medik. syn. L. esciilenta Moench) 
was used as test plant. 
Preparation and sterilization of soil mixture: 
Sandy loam soil collected from a fallow field of Aligarh Muslim 
University farm was sieved through 16 mesh sieve and mixed with sieved 
river sand and organic manure in the ratio of 3:1:1 respectively. Throughout 
the course of studies, unless stated otherwise, 6" pots were filled with this 
soil mixture at the rate of 1 kg/pot. A little amount of water was poured in 
each pot to just wet the soil before transferring to an autoclave for 
sterilization at 20 lb pressure for 20 minutes. Sterilized pots were allowed 
to cool down at room temperature before use for experiments. 
Raising and maintenance of test plants: 
Seeds of test plant, surface sterilized with 0.1% mercuric chloride for 
2 minutes and washed thrice in sterilized water, were treated with lentil 
strain of Rhizobhim before sowing. Sucrose solution (5%) was used as 
sticker for bacterization. The bacterized seeds, dried at room temperature 
were sown in each pot at the rate of 5 seeds/ pot and after their germination 
thinning was done so as to maintain only one plant per pot. One week old, 
well established and healthy seedlings were used for experimental purposes 
throughout the course of experiments. 
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Raising and maintenance of pure culture of nematode: 
Pure culture of Rotylenchulus reniformis raised on lentil plants using 
a single egg mass collected from infected lentil roots. The egg mass was 
surface sterilized by treating it with 1: 500 aqueous solution of chlorox 
(calcium hypochlorite) for 5 minutes as described by Den Ouden (1958). 
Treated egg mass was washed thrice in distilled water. The eggs, in the egg 
mass were allowed to hatch out at 27°C under aseptic conditions on a sieve 
layered with tissue paper and kept in a petridish containing sufficient amount 
of sterilized distilled water. Lentil seedlings grown in 12" clay pots 
containing autoclaved soil was inoculated with the immature females so 
obtained. Nematode was extracted from the pot soil after a month through 
graded sieves of 16,60 and 400 mesh according to modified Cobb's sifting 
and gravity method followed by Baermann funnel technique (Southey, 
1970). Nematode so obtained was used for inoculating fresh lentil seedlings 
growing in several 12" clay pots containing sterilized soil. The immature 
females of Rotylenchulus reniformis infested the roots and multiplied in 
the pots. After 6-8 weeks, a little of soil from near the root zone and roots 
of inoculated plants was examined to confirm the establishment and 
multiplication of nematode species. After 2-3 months, the plants were cut 
at the ground level and soil was processed for nematode extraction by the 
technique mentioned earlier. The roots were washed thoroughly under 
running tap water, cut into small pieces and transferred near the root zone 
of lentil seedlings growing in the microplots containing sterilized soil. Soil 
suspension containing immature females of R. reniformis was also 
transferred, with the help of sterilized pipette, to the root zone of lentil 
seedlings growing in the microplots. Lentil seedlings were inoculated from 
time to time in order to maintain a regular supply of the inoculum. Culture 
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of R. reniformis multiplied and maintained in this way was, thereafter used 
for obtaining required inoculum. 
Preparation and extraction of nematode {R. reniformis) inoculum: 
Extraction of R. reniformis, soil was collected from the root zone of 
heavily infected lentil plants in which pure culture of this nematode was 
raised. This soil was processed for extraction of immature females of 
reniform nematode using the above mentioned technique. 
Separate water suspensions of nematode was thoroughly stirred for 
making homogenous distribution of R. reniformis before taking 50 ml 
suspension in the counting dish (Southey, 1970) for counting the number 
of nematode from each sample under the stereoscopic microscope. An 
average of five counts was taken to determine the density of R. reniformis 
in the suspension. 
Volume of water in the R. reniformis suspension was so adjusted that 
each ml contained about 100 nematodes. It was done by adding more water 
or decanting the excess amount of water, so that 50 ml of this suspension 
poured in each pot to provide required inoculum level (i.e. 5000 nematodes 
pot). 
Isolation of fungi (Rhizoctonia solani) from rhizosphere of infected lentil 
roots: 
Lentil plants showing distinct galls and exhibiting root-rot and wilt 
symptoms were collected in polythene bags from the infested field near 
Mursan town of Aligarh Distt. (now in Hathras) where lentil was cultivated 
on a large scale. 
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Excess amount of soil adhering to the roots was removed by shaking 
the root system. The soil still left adhering to the roots was scrapped and 
collected over the butter paper with the help of sterilized needle. The soil 
thus obtained was thoroughly mixed and one micro spatula of this soil was 
transferred to 100 mm diameter petridish to which 15-20 ml of sterilized, 
melted and cooled potato-dextrose-agar (RD.A) was poured later. Ten plates 
were poured for each sample performing all operations under aseptic 
conditions. The inoculated petriplates were incubated at 28±2°C. Fungi 
that grew after 5-6 days of incubation were identified and subsequently 
purified. 
Serial washing technique was employed to isolate R. solani from the 
infected root tissues (Harley and Waid, 1955). Roots were transferred to 
sterilized dish containing sterilized distilled water and gently freed of soil 
particles. The roots were transferred to another dish and the process was 
repeated till such time that all the adhering soil particles were removed. 
The roots were then cut into approximately 5mm pieces and transferred to 
a petridish containing 0.1% mercuric chloride solution. After about a minute, 
the root pieces were given three successive washings in sterilized distilled 
water and soaked on filter paper. Five of these root pieces were plated in 
each of the 10 petridishes containing RD.A. with the help of sterilized 
forcep under aseptic condition. These inoculated petridishes were incubated 
at 28±2°C for about 10 days. The fungus that developed on root segments 
was examined and identified. On confirmation of its identity as R. solani, 
its pure culture was prepared. 
Raising and maintenance of fungal cultures: 
Fungal inoculum was further raised on Richard's liquid medium 
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(Ricker and Riker, 1936) having the following composition: 
Potassium nitrate 10.00 g 
potassium dihydrogen phosphate 5.00 g 
Magnesium Sulphate 2.50 g 
Ferric chloride 0.02 g 
Sucrose 50.00 g 
Distilled water 1000.00 ml 
The medium was prepared, filtered through muslin cloth and sterilized 
in an autoclave at 15 lb pressure for 15 minutes in 250 ml erienmeyer 
flasks each containing 80 ml of liquid medium. 
Small bits of the fungal mycelium were transferred to these conical 
flasks. Same process was repeated for raising and maintenance of other 
fungi obtained from lentil rhizosphere. Inoculated flasks were incubated at 
28±2°C for about 15 days to allow fungal growth to be used for further 
studies. 
Pure culture was continuously maintained on P.D.A. contained in the 
test tubes by reinoculation of the fungus after every 15 days. 
Preparation of fungal inoculum: 
After incubating the flasks for about 15 days, the liquid medium was 
filtered through Whatman filter paper No. 1, the mycelial mat washed in distilled 
water to remove the traces of medium and gently pressed between the folds of 
blotting paper to remove the excess amount of water. Inoculum was prepared 
by mixing 100 g fimgal mycelium in 100 ml of sterilized distilled water and 
blending it for 30 seconds in a waring blender (Stemerding, 1964). Thus each 
10 ml of this suspension contained l.Og of fungus. 
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Inoculation techniques: 
Unless stated otherwise, one week old lentil seedlings were inoculated 
with 5000 specimens of nematode species and 1.0 g fungus respectively in 
the absence and/or presence of Rhizobiiim throughout the course of these 
investigations. 
Feeder roots of seedlings, just before inoculations, were exposed by 
carefully removing the top layer of the soil and a required quantity of 
nematode suspension and /or fungus inoculum was poured uniformly all 
around the exposed roots using a sterilized pipette. Exposed roots were 
immediately covered by levelling the soil properly. 
Both, individual and simultaneous inoculations of different pathogen 
combinations were done unless stated otherwise. 
Experiments : 
(1) Screening of the varieties: 
The population of reniform nematode and/or fungus which was 
maintained on microplots, was used for screening of the varieties. 
Seeds of lentil varieties were sown in 6" clay pots containing 1 kg. 
autoclaved soil per pot. Twenty one days after germination each seedlings 
was inoculated with 100, 1000, 5000, and 10000 immature females of 
reniform nematode and/or 0.5g. l.Og, 1.5g and 2.0 g of R. solani fungus in 
the absence and/or presence of the Rhizobium . Categorization of the 
varieties was done. 
In order to determine the inoculum threshold of nematode species, 
capable of causing significant damage, the seedlings of lentil were 
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inoculated with 100, 1000, 5000 and 10,000 of nematode species in the 
Absence and /or presence of Rhizobium. Similarly, for the determination of 
fungal inoculum threshold the seedlings were inoculated with 0.5 g, 1.0 g, 
1.5g and 2.0g of the fungus in the absence and/or presence of Rhizobium. 
Since inoculation of plants with 5000 immature females of nematode 
species or with l.Og fungus caused significant reduction in growth and 
nodulation even at 1%, these inoculum levels were used in subsequent 
studies, unless stated otherwise. 
(2) Influence of interactions of different inoculum levels of test 
pathogens: 
Besides inoculating test plants with different pathogens individually 
and in various combinations of concomitant inoculations of the pathogens 
using different inoculum levels of each were designed as given in the 
following manner-
Table - A. Inoculation schedule: 
Treatment No. Nematode inoculum Fungus inoculum 
(number of nematodes/pot) (g mycelium/pot) 
R. reniformis R. solani 
1. 100 -
2. 1000 -
3. 5000 -
4. 10000 -
5. - 0.5 
6. - 1.0 
7. - 1.5 
8. - 2.0 
9. 100 0.50 
10. 1000 1.0 
11. 5000 1.5 
12. 10000 2.0 
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3. Influence of simuitaneous and sequential inoculation of pathogen: 
In the cases ofmultipathogenic infections of host plant, interpathogenic 
competitions for food and survival are very much expected. In order to 
study the effect of early establishment of the nematode species and the 
fungus on plant growth characters and nematode multiplication, lentil 
seedlings, both bacterized and unbacterized were inoculated with the 
pathogens (R. reniformis and R. solani) individually and in their various 
combinations of simultaneous, and pre and post inoculations. Uninoculated-
bacterized plants were kept as control. In each pot l.Og rhizobial inoculum 
was added. For perparing rhizobial inoculum 100 g commercial bacterial 
culture of lentil strain of Rhizobium was dissolved in 1000 mi sterilized 
distilled water so that each 10 ml suspension contained 1.0 g bacterial 
culture. Inoculations were made according to the schedule presented in 
Table - B. 
Table -B. Inoculation schedule: 
1. Uninoculated—bacterized (control) 
2. Uninoculated—unbacterized 
3. Inoculation with PI l.Og alone 
4. Inoculation with Rr 5000 alone 
5. Inoculation with Rr+ PI 
6. Inoculation with Rs l.Og alone 
7. Inoculation with Rs +P1 
8. Inoculation with Rr 15 days prior to PI 
9. Inoculation with PI 15 days prior to Rr 
10. Inoculation with Rs 15 days prior to PI 
11. Inoculation with PI 15 days prior to Rs 
12. Inoculation with Rr + Rs 
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13. Inoculation with Rr + Rs + PI 
Where— PI = Paecilomyces lilacinus, 
Rr = Rotylenchulus reniformis 
Rs = Rhizoctonia solani 
Table C: Inoculation schedule : 
1. Uninoculated - bacterized (control) 
2. Uninoculated - unbacterized 
3. Inoculation with//7acz>2z«+oil-seed cakes 
4. Inoculation with Rr+oil-seed cakes 
5. Inoculation with Rr+Pl+oil-seed cakes 
6. Inoculation with Rs+oil-seed cakes 
7. Inoculation with Rs+Pl+oil-seed cakes 
8. Inoculation with Rr 15 days prior to Pl+oil-seed cakes 
9. Inoculation with PI 15 days prior to Rr+oil-seed cakes 
10. Inoculation with Rs 15 days prior to Pl+oil-seed cakes 
11. Inoculation with PI 15 days prior to Rs+oil-seed cakes 
12. Inoculation with Rr 15 days prior to Rs+oil-seed cakes 
13. Inoculation with Rs 15 days prior to Rr+oil-seed cakes 
14. Inoculation with Rr + Rs + oil-seed cakes 
15. Inoculation with Rr + Rs + PI + oil-seed cakes 
Where — Rr = Rotylenchulus reniformis 
Rs = Rhizoctonia solani 
PI = Paecilomyces lilacinus 
Oil-seed cakes =Azadirachta indica, Ricinus communis, Madhuca latifolia, 
Brassica campestris, Sesamum indicum, Glycine max, Arachis hypogaea, 
Linun usitatissimum, Pongamia glabra and Eruca sativa. 
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4. Studies on nematode penetration: 
An experiment was conducted in small pots (3" x 2.5") containing 
lOOg steam sterilized soil sand mixture (1:1). One week old seedlings were 
inoculated both, individually and concomitantly by pipetting 5000 freshly 
collected immature females of R. reniformis over the root surface of plants 
growing in each pot. Concomitant inoculation of the fungus (l.Og) with 
the nematode species was also made. 
The seedlings were uprooted carefully of 24 hour intervals upto 7 
days. The root system was gently washed with water and later stained in 
0.5% boiling lactophenol acid fuschein for one minute. The number of 
nematodes inside the root was counted after dissecting under a stereoscopic 
microscope. 
5. Studies on biological control: 
Four inoculum levels (0.5 , 1.0, 1.5 and 2.0 g) fungus/plant) of 
Paecilomyces lilacimis and other rhizospheric fungi were used to determine 
its efficacy as a biocontrol agent for the control of R. reniformis and R. 
solani on lentil plants. Five thousand immature females of nematode species 
were collected from the roots of plant inoculated with R lilacinus and 
infected with R. reniformis. These immature females were transferred to 
sterilized petridishes containing autoclaved 1.0% water agar and incubated 
at 28±2°C. After 7 days incubation the percentage of fiingus infected females 
was calculated. 
Since highest inoculum level of P. lilacinus (1.0 g/pot) was most 
effective for reducing plant damage caused by the individual infections of 
reniform nematode and root-rot fungus (R. solani). This inoculum level of 
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p. lilacinus was, therefore, used later against interacting pathogens on lentil. 
6. Influence of seed treatments with certain oil-seed cakes against 
disease development, nematode multiplication and plant growth of test 
plants: 
Seeds of lentil were treated with different oil- seed cakes prior to sowing. 
The pastes containing 2 gm each of the oil-seed cakes in 5 ml synthetic 
neutral gum were prepared separately. To these pastes, 10 gm seeds of 
lentil were transferred separately and the container was shaken thoroughly. 
The treated seeds were spread over a tray and allowed to dry in shade at 
room temperature. 
Hundred seeds were separately treated with each oil- seed cake before 
sowing in 6" clay pots containig 1 kg autoclaved soil and at the same time 
inoculated with the individual test pathogen or with their different 
combinations. Hundred untreated, inoculated and uninoculated seeds were 
sown to serve as control. Properly levelled pots, after a light watering, 
were randomly arranged on the glass house bench and left for 10 days at 
28±2°C. At the end of this period the number of seedlings that emerged in 
each pot was counted. Adequate soil moisture was maintained by providing 
regular light irrigation. 
For studying the effect on plant growth and nematode multiplication 
the seedlings raised from treated as well as untreated seeds were inoculated 
individually and concomitantly with R. reniformis and R. solani and R 
lilacinus. 
38 
Recording of data's: 
(a) Plant length determination: Plant length was measured by the scale 
for shoot and root system separately. 
(b) Fresh weight determination : Fresh weight of plant was estimated 
by the weighing machine for shoot and root system separately. 
(c) Dry weight determination: Plants were uprooted after 60 days of 
inoculation, except stated otherwise. Roots were washed thoroughly in slow 
running tap water. Utmost care was taken to avoid loss and injury of root 
system during the entire experimentation. For measuring length and weight, 
the plants were cut with a sharp knife just above the base of root emergence, 
length of shoot and root was recorded in centimeters from the cut end to 
the tip of first leaf and the longest root respectively. The excess water of 
plants was removed by putting them between the two folds of blotting 
sheets for sometime before weighing them separately. The weight was 
recorded in grams. For measuring dry weight, the shoot and root were kept 
in envelopes separately for drying in an oven running at 80°C for 24 hours. 
For interpretation of results, the reduction in plant growth was calculated 
in terms of percentage dry weight reduction. 
(d) Estimation of chlorophyll contents: Chlorophyll content of leaf was 
estimated by the method of Hiscox and Israelstam (1979). One hundred 
milligram of leaf pieces were placed in a vial containing 7 ml DMSO (dimethyl 
sulphoxide) and chlorophyll was extracted into the fluid at 65°C by incubating 
it for 60 minutes. The extract was transferred to a graduated tube and made 
upto 10 ml with DMSO and assayed immediately. A sample of 3.0 ml 
chlorophyll extract was transferred in covette and the OD values at 645 and 
663 nm were read in spectronic -1001 spectrophotometer against DMSO blank. 
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(e) Estimation of pods number: Pods was estimated by counting the 
number of pods per plant. 
(f) Estimation of root-nodule: In the experiment where bacterized seeds 
were used, root-nodule index (on 0-5 scale) was determined in case of 
lentil on the basis of visual observation ( 0= no nodulation, l ivery light 
nodulation, 2= light nodulation, 3= moderate nodulation, 4= heavy 
nodulation, 5= very heavy nodulation). 
(g) Estimation of nematode population: For extraction of nematode the 
soil from each treatment was mixed thoroughly and a sub-sample of 200g 
soil was processed through sieves according to Cobb's sifting and gravity 
method followed by Baermann's funnel technique. 
Each suspension was collected in a beaker and volume made upto 
100 ml. For proper distribution of nematode, the suspension was bubbled 
with the help of pipette and 50 ml suspension of each sample was drawn 
and tranferred to a counting dish. The number of nematodes were counted 
in five replicates from each sample. Mean of five such countings was 
calculated and the final population of nematodes/ kg. soil was determined. 
To estimate the nematode population in roots, l.Og root from each 
replicate was macerated with enough water in an electrically operated 
waring blender for about 30 to 40 seconds. The macerate was collected in 
a beaker and volume made upto 100 ml. The nematode population was 
counted for as described above. Reproduction factor (R) of nematode 
species was calculated by the formula R= pf/pi where Pf represented the 
final and Pi initial population of the nematode. 
Throughout these studies each treatment was replicated five time and 
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uninoculated plants were kept as control. Watering was done after 24 hours. 
Statistical analysis: 
The data obtained were analysed statistically and significance 
calculated at 5 and 1 percent level of probability. 
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4. Experimental Results 
(4)1.1 :Reaction of different varieties of lentil {Lens culinaris) to the 
reniform nematode, Rotylenchulus reniformis in the presence of 
Rhizobium. 
The result presented in table la indicate that reniform nematode, 
Rotylenchulus reniformis adversely affected the plant weight both fresh 
and dry and other related parameters of all the 20 test varieties of lentil, 
viz., DPL-25, DPL-26, DPL-28, DPL-33, DPL-35, DPL-36, DPL-38, DPL-
39, DPL-40, DPL-42, DPL-43, DPL-44, LH-88-8, DPL-47, LH-90-54, LH-
90-57, LH-90-85, LH-90-103, LH-90-84 and LH-90-87 to varying extent. 
However, the plant growth (e.g., plant length, weight both fresh and dry 
pod numbers and chlorophyll content) reduced significantly by this 
nematode at the higher inocula i.e., 5000 or more nematodes per plant. 
The variety DPL-47 was found highly suitable for the pathogen as it 
recorded 64.73% reduction in plant fresh weight (with the highest inoculum 
level) over uninoculated control, whereas LH-90-85 was found to be least 
affected in terms of reduction in plant weight and other parameters. The 
reduction in different parameters showed a positive correlation with the 
increase in the final population of the nematode (Table-la). 
The reduction in plant growth and related parameters might have 
contributed towards the reduction in pod number (table - la ) and it was 
similar to the reduction in plant weight. The fewer number of pods was 
observed in highly susceptible variety. 
On the basis of reduction in plant weight fresh and dry at the inoculum 
level (10,000 immature females/plant) and multiplication of the nematode, 
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these varieties are classified into three different categories as under (the 
varieties are arranged in descending order, from higher to lowest reduction 
in plants weight). 
1. Highly susceptible (Reduction in plant fresh weight >50%; 
Reproduction factor (R) of the nematode = 2.17-2.46): Lentil varieties, 
DPL-47 (64.73%; 2.46), LH-90-54 (56.30%; 2.33), DPL-38 (51.80%; 
2.17), DPL-33 (50.61%; 2.24), and LH-90-103 (50.39%; 2.31). 
2. Susceptible (Reduction in plant weight (fresh)= 40-50%; Reproduction 
factor (R) of nematode = 1.83 - 2.14): Lentil varieties, LH -88-8 (49.60%; 
2.14), DPL-42 (48.61%; 2.07), LH-90-84 (48.13%; 2.00), DPL-28 (47.40%; 
2.23), DPL-40 (46.90%; 2.03), DPL-25 (45.84%; 1.92), DPL-39 (45.63%); 
2.05), DPL-35 (44.81%; 2.12), DPL-36 (43.48%; 1.74), LH-90-87 (40.99% 
; 1.79) and DPL-26 (40.57% ; 1.83). 
3. Moderately resistant (Reduction in plant fresh weight = 30-40%; Re-
production factor (R) of nematode = 1.63 - 1.75); Lentil varieties, DPL-
43 (36.82% ; 1.75), LH-90-57 (33.78%; 1.67), DPL-44 (31.30%; 1.67) 
and LH-90-85 (30.39%; 1.63). 
On the basis of the results presented in table-la the following 
conclusions were drawn: 
1. All the test varieties showed susceptibility to reniform nematode, 
Rotylenchulus reniformis. 
2. The reduction in plant weight was directly correlated to reduction in 
pod number, chlorophyll content and root nodulation, but the reproduction 
factor was some what different and did not follow the same pattern. 
50 
3. The variety DPL-47 which showed higher reduction in plant weight 
fresh as well as dry and other parameters harboured highest number of the 
nematode while as relatively resistant variety LH-90-85 had lowest number 
of nematode. 
(4)1.2:Reaction of different varieties of lentil {Lens cuUnaris) to the 
reniform nematode, Rotylenchulus reniformis in the absence of 
Rhizobium. 
The results presented in table-lb indicate that the reniform nematode, 
Rotylenchulus reniformis showed varying degree of susceptibility in absence 
oi Rhizobium to all the 20 varieties of lentil, viz., DPL-25, DPL-26, DPL-
28, DPL-33, DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, DPL-
43, DPL-44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-90-
103, LH-90-84 and LH-90-87. Different growth parameters (e.g. plant 
length, plant weight, number of pods per plant) and chlorophyll content 
were inhibited significantly at the higher inocula of the nematode, e.g., 
5000 or more nematodes per plant. As in the presence of Rhizobium, here 
also the highest reduction in plant weight was noted in the variety DPL-47 
which recorded 65.00% reduction over uninoculated control at the highest 
inoculum level (10,000 nematodes/ plant). The highest reproduction factor 
of the nematode (2.58) was also found in this variety. Whereas variety LH-
90-85 was found to be least susceptible with reduction in plant weight = 
36.72% and reproduction factor = 1.75. The reduction in plant weight was 
found to have a positive correlation with the multiplication of the nematode. 
Significant reduction was noted in chlorophyll content of leaves at 
higher inoculum levels of R. reniformis, highest being in the variety DPL-
47 (70.94%) and the lowest in LH-90-85 (41.88%). The reduction in 
51 
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chlorophyll content was also observed in remaining varieties almost on the 
same pattern as the reduction in plant weight. 
The reduction in pod numbers was also noted in highly susceptible 
variety having highest reproduction factor. This may be due to reduction in 
other growth parameters caused by R. reniformis. 
On the basis of reduction in plant weight at the highest inoculum level 
(10,000 nematodes/plant) and multiplication of the nematode, the test 
varieties are classified in three different categories as under; (the varieties 
are arranged in the descending order, from highest to lowest reduction in 
plant weight). 
1. Highly susceptible (Reduction in plant fresh weight > 50%; 
Reproduction factor (R) of the nematode = 0.44-2.58); Lentil varieties, 
DPL-47 (65%; 2.58), LH-90-54 (58.93%; 2,43), LH-90-103 (57.29%; 2.32), 
DPL-33 (56.64%; 2.46), DPL - 38 (55.29%; 2.39), LH-88-8 (55.12%; 2.45), 
DPL-42 (54.94%; 2.36), LH-90-84 (53.14%; 2.13), DPL-39 (52.94%; 2.15), 
DPL-28 (51.74%; 2.35), DPL-25 (50.64% ; 0.44). 
2. Susceptible (Reduction in plant fresh weight = 40-50%; Reproduction 
factor (R) of the nematode = 1.92-2.40); Lentil varieties, DPL-35 (50%; 
2.40), DPL-40 (49.85% ; 2.09), DPL-44 (49.84% ; 2.26), LH-90-87 
(47.72%; 2.03), DPL-43 (47.55% ; 2.23) DPL-26 (46.17%; 2.05) and 
DPL-36 (45.29%; 1.92). 
3. Moderately resistant (Reduction in plant fresh weight < 40% ; 
Reproduction factor (R) of the nematode = 1.72 - 1.75). Lentil varieties, 
LH-90-57 (38.94% ; 1.72) and LH-90-85 (36.72%; 1.75). 
Based on the above results, the following conclusions were drawn: 
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1. In the absence of Rhizobium, greater reduction in plant growth was 
noted in almost all varieties caused by this nematode compared to the 
presence of Rhizobium. 
2. The reduction in plant weight both fresh and dry was found correlated 
to the reduction in pod numbers and chlorophyll content. 
3. The reproduction factor (R) of the nematode was found highest in 
relatively susceptible varieties. 
4. The variety LH-90-85 again was found moderately resistant. 
5. The multiplication of the nematode was found greater in absence of 
Rhizobium compared to the presence of Rhizobium. 
(4)2.1:Reaction of different varieties of lentil {Lens culinaris) to the 
root-rot fungus, Rhizoctonia solani in the presence of Rhizobium. 
The results presented in table-2a indicate that root-rot fungus, 
Rhizoctonia solani adversely affected plant weight and other related 
parameters of all the 20 test varieties of lentil, viz., DPL-25, DPL-26, DPL-
28, DPL-33, DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, DPL-
43, DPL-44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-90-
103, LH-90-84 and LH-90-87 to varying extent. Plant growth (plant weight, 
pod numbers), chlorophyll content and root-nodulation reduced significantly 
by this fungus even at low inoculum level, i.e., 0.5 mycelium per plant. 
The variety DPL-47 was found highly susceptible as it recorded 67.67% 
reduction in plant fresh weight (with the highest inoculum level) over 
uninoculated control, while variety LH-90-85 was found to be least affected 
in terms of reduction in plant weight and other parameters. Number of 
pods per plant, chlorophyll content and root-nodulation also showed 
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reduction almost on the same pattern as in plant weight fresh and dry, 
since root-nodulation are also related to each other reduction in term 
affected the plant weight. 
The root-rot fungus, R. solani was also found to be responsible to 
significantly reduce chlorophyll content of leaves with all the inoculum 
levels. The highest reduction was noted in the variety DPL-47 (70.84%) 
while lowest being in LH-90-85 (22.24%). In the remaining varieties the 
reduction in the chlorophyll content was more or less on the similar pattern 
as in other parameters (Table 2a). 
The reduction in plant weight and related parameters might have 
contributed towards the reduction in pod numbers (table 2a). The fewer 
number of pods was observed in the highly susceptible variety. 
On the basis of reduction in plant weight at the highest inoculum 
level (2.0 g mycelial mat/plant) and reduction in root-nodulation, these 
varieties have been classified into two different categories as under ; (the 
varieties are arranged in descending order of reduction in plant fresh weight 
from highest to lowest). 
1. Highly susceptible (reduction in plant fresh weight > 50%; reduction 
in root-nodulation = 56.28-78.42%); Lentil varieties, DPL-47 (67.67% ; 
78.42%), LH-90-103 (62.60%; 75.38%), DPL-25 (54.69%; 60.05%), LH-
88-8 (54.84%; 65.77%), LH-90-54 (54.13%; 64.53%), DPL -35 (53.47%; 
66.54%), DPL-28 (53.18%; 65.58%) and DPL-42 (51.09% ; 56.28%). 
2. Susceptible (Reduction in plant fresh weight = 40-50%; reduction in 
root-nodulation = 50.96%- 65.51%): Lentil varieties, LH-90-84, (49.30 % 
; 56.41%), DPL-39 (49.50% ; 57.52%), DPL-26 (48.82%; 56.37%), DPL-
68 
43 {Al.eeVo; 57.12%), DPL-44 {A1 Al%\ 65.61%), DPL-38 (46.33%; 
55.23%), DPL-33 (46% ; 57.42%), DPL-40 (43.49%; 54.62%), DPL-36 
(42.61%; 51.01%) and LH-90-57 (40.50% ; 50.96%). 
On the basis of results presented in table 2a, following conclusions 
were drawn: 
1. All the test varieties showed susceptibility to the root-rot fungus, 
Rhizoctonia solani. 
2. The damage caused by root-rot fungus was more than that caused by 
Rotylenchulns reniformis. 
3. The reduction in plant weight fresh and dry had positive correlation 
with the reduction in pod number and chlorophyll content, but the reduction 
in root-nodulation was some what different and did not follow the same 
pattern. 
4. The varieties DPL-47 and LH-90-103 were found to be highly 
susceptible among different varieties tested while the variety LH-90-85 
was moderately resistant to the pathogen. 
(4)2.2:Reaction of different varieties of lentil {Lens culinaris) to the root-
rot fungus, Rhizoctonia solani in the absence of Rhizobium. 
The results presented in table-2b indicate that in the absence of 
Rhizobium too, all the 20 tested varieties of lentil, viz., DPL-25, DPL-26, 
DPL-28, DPL-33, DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, 
DPL-43, DPL-44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-
90-103, LH-90-84 and LH-90-87 showed varying degree of susceptibility 
against the root-rot fungus, Rhizoctonia solani. Different growth parameters 
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(e.g., plant length, plant weight, number of pods) and chlorophyll content 
were reduced significantly even with low inoculum level of the fungus, 
e.g., 0.5 mycelial mat per plant. Unlike as in the presence of Rhizobium, 
the highest reduction in plant weight was noted in LH-90-103 which 
recorded 81.10% (with the highest inoculum level) over uninoculated 
control, while variety LH-90-85, as in the presence of Rhizobium was found 
to be least affected in terms of reduction in plant weight and other 
parameters. Number of pods per plant and chlorophyll content also reduced 
almost on the same pattern as in plant weight (fresh as well as dry). 
The highest reduction in chlorophyll content was noted in variety 
DPL-47 (78.16%) and lowest in the variety LH-90-85 (26.33%). The 
reduction in chlorophyll content in remaining varieties was also noted 
almost on the same pattern as the reduction in plant weight and other 
parameters. More reduction in pod number was also noted in highly 
susceptible variety with respect to reduction in plant weight and chlorophyll 
content. 
On the basis of reduction in plant weight at the highest inoculum 
level (2.0 g mycelial mat/pot), these varieties have been classified into two 
categories as under (the varieties are arranged in descending order of 
reduction in plant fresh weight from highest to lowest): 
1. Highly susceptible (Reduction in plant fresh weight > 50%): 
Lentil varieties, LH-90-103 (81.10%), DPL-47 (79.94%), LH-90-54 
(69.95%), LH-88-8 (66.90%), DPL-42 (66.07%), DPL-35 (62.72%), DPL-
44 (60.85%), DPL-28 (59.46%), DPL-43 (58.50%), DPL-25 (58.10%), 
DPL-39 (57.84%), LH-90-84 (57.80%), DPL-40 (55.92%), DPL-26 
(55.50%), DPL-33, (54.49%), DPL-38 (54.30%) and LH-90-87 (51.16%). 
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2. Susceptible (Reduction in plant fresh weight 40-50%): Lentil varieties, 
LH-90-57 (48.86%) and DPL-36 (47.03%). 
The following conclusions were drawn based on the above results; 
1. In the absence of Rhizobiim, greater reduction was noted in almost 
all tested varieties caused by root-rot fungus compared to the presence of 
Rhizobhim. 
2. The reduction in plant weight was found correlated to the reduction 
in pod number and chlorophyll content. 
3. The variety LH-90-103 was found most susceptible while LH-90-85 
moderately resistant against the root-rot fungus. 
4. Even the lowest inoculum level caused significant reduction in 
different growth parameters of lentil. 
5. Root-rot fungus was found to be more pathogenic causing more 
damage to the test varieties in comparison to R. reniformis. 
(4)3.1:lnfluence of individual and combined inoculations oi Paecilomyces 
lilacinus with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication, root-nodulation and plant growth of lentil 
{Lens cuUnaris) variety DPL-47 in the presence of Rhizobium. 
The present experiment deals with the influence of Paecilomyces 
lilacinus on different growth parameters of lentil infected with the reniform 
nematode, Rotylenchulus reniformis and root-rot fungus, Rhizoctonia solani, 
singly or in combined inoculations in the presence of Rhizobium. 
It was observed that the application ofR lilacinus improved the growth 
78 
parameters of lentil cv. DPL-47. viz., plant length, plant weight (fresh as 
well as dry), number of pods, root-nodulation and chlorophyll content of 
leaves as compared to untreated uninoculated (control) set. The significant 
improvement was noted with the inoculum level of l.Og or more mycelial 
mat/pot of Paecilomyces lilacinus. 
The reniform nematode, Rotylenchulus remformis was inoculated with 
lentil variety cause significant reduction in plant length, plant weight both 
fresh as well as dry, number of pods, root-nodulation and chlorophyll 
content of leaves. However, in combined inoculations of R. remformis and 
P. lilacinus with different inoculum levels (viz, 0.5, 1.0, 1.5, and 2.0 g) 
brought down damage to the plant growth parameters and more with the 
higher inoculum level of P. lilacinus 
The highest inoculum level 2.0 g mycelial mat per pot of P. lilacinus 
shows phyto-toxicity against growth parameters of lentil variety. 
The root-rot fungus, Rhizoctonia solani was inoculated with the lentil 
cv. DPL-47, cause significant reduction in plant length, fresh as well as 
dry weight, number of pods, root-nodulation and chlorophyll content of 
leaves. Moreover, in combined inoculations of P. lilacinus and R. solani 
with different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0g mycelial mat 
per pot) brought down damage to the plant growth parameters and more 
with the higher inoculum level of P. lilacinus. The highest inoculum level 
(2.0g mycelial mat per pot) of P. lilacinus shows phyto-toxicity against 
growth parameters of test variety. The damage caused by nematode, R. 
remformis was much less as compared to root-rot fungus, Rhizoctonia 
solani with Paecilomyces lilacinus in the presence of Rhizobium (Table-
3a). 
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In another experiment it was noted that the reniform nematode, 
Rotylenchiihis reniformis was inoculated singly with lentil cv. DPL-47, 
cause significant reduction in plant length (27.14%), plant fresh weight 
(35.70%), plant dry weight (44.80%), chlorophyll content (41.07%), pod 
numbers (32.40%) and root-nodulation (44.50%) as compared to untreated 
uninoculated (control) set. While root-rot fungus, Rhizoctonia solani was 
inoculated singly with lentil cv. DPL-47, cause significant reduction in 
plant length (31.73%), fresh weight (48.00%), dry weight (57.03), 
chlorophyll content (53.44%), number of pods (44.04%) and root-
nodulation (57.26%) as compared to untreated uninoculated (control) set 
of lentil. However, the effect of fungus was found to be greater than the 
nematode (Table -3a). 
In combined inoculations of R. reniformis and R. solani on lentil cv. 
DPL-47, caused significant reduction in plant length (43.50%), fresh weight 
(62.82%), diy weight (77.56%), chlorophyll conent (60.37%), pod numbers 
(53.27%) and root-nodulation (79.00%) as compared to untreated 
uninoculated (control) set of lentil variety. Their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone (Table-3a). 
It was observed that the nematode was inoculated 15 days prior to the 
fungus caused significant reduction in growth parameters (viz., plant length 
- 39.26%, fresh weight -57.16%, dry weight - 69.33%, chlorophyll content 
- 56.00%, pod numbers - 50.37% and root-nodulation - 73.83%) as 
compared to control set. However, the fungus was inoculated 15 days prior 
to nematode also caused significant reduction in plant growth parameters 
(e.g. plant length- 40.56%, fresh weight -58.80%, dry weight- 73.57%, 
chlorophyll content - 58.34%, pod numbers - 51.69% and root-nodulation 
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- 76.50%) as compared to untreated uninoculated control set of lentil cv. 
DPL-47 . It showed that the r e d u c t i o n in g rowth p a r a m e t e r s 
significantly increased when the fungus was inoculated 15 days prior 
to nematode (Table-3a). 
It was noted that the highest root-rot index (4.6) has been found in a 
treatment when Rhizoclonia solani was inoculated 15 days prior to 
Rotylenchulus reniformis. 
The nematode populations were increased when the R. reniformis was 
inoculated 15 days prior to R. solani. 
The P. lilacinus was inoculated singly with the lentil cv. DPL-47, 
improved significantly in growth parameters (viz., Plant length - 7.50%, fresh 
weight- 12.24%, dry weight- 16.30%, chlorophyll content- 14.40%, pod 
numbers- 7.83% and root-nodulation-18.62%) as compared to control set. 
However, in combined inoculations of R lilacinus and R. reniformis on test 
variety caused significant reduction in growth parameters of plant (viz., plant 
length-7.83%, fi-esh weight - 15.16%, dry weight- 24.00%, pod numbers-
11.54%, root-nodulation- 24.77% and chlorophyll content- 16.33%) as 
compared to the control set. While, root-rot fungus, R. solani was inoculated 
with P. lilacinus reduced significantly in growth parameters of plant (e.g., 
plant length - 15.50%, fi-esh weight - 32.80%, dry weight - 43.14%, pod 
numbers- 29.14%, root-nodulation - 43.17% and chlorophyll content - 37.70%). 
Moreover, in combined inoculations of nematode and fimgus with P. lilacinus 
caused significant reduction in growth parameters (viz, plant length - 36.83%, 
fi-esh weight -54.07%, dry weight- 66.15%, pod numbers- 46.00%, root-
nodulation - 67.24% and chlorophyll content -55.22%) of lentil plant as 
compared to untreated uninoculated (control) set. 
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The combined inoculations of nematode and fungus with P. lilacinus 
caused further reduction though, it was less than the total sum caused by 
either of them alone (Table-3a). 
In this experiment the influence of P. lilacimis on different growth 
parameters of lentil infected with R. reniformis and R. solani was inoculated 
two weeks prior or post in the presence of Rhizobmm. 
The nematode was inoculated 15 days prior to P. lilacinus caused 
significant reduction in plant length, fresh as well as dry weight, pod 
numbers, root-nodulation and chlorophyll content of leaves (eg. 14.52%; 
23.56%; 30.74%; 20.16%; 35.43% and 25.08%) respectively, as compared 
to control set of lentil. While as P. lilacinus was inoculated 15 days prior 
to the nematode, the reduction was noted in plant length - 14.37%, fresh 
weight - 20.10%, dry weight- 25.66%, pod numbers- 15.48%, root -
nodulation - 30.93% and chlorophyll content- 22.15% as compared to 
untreated control. However, the nematode was inoculated 15 days prior to 
P. lilacinus caused significantly more damage as compared to inoculated 
two weeks later to P. lilacinus (Table -3 a). 
Root-rot fungus, R. solani was inoculated 15 days prior to P. lilacinus, 
recorded significant reduction in growth parameters (viz., plant length -
2130%, fresh weight - 44.16%, dry weight - 50.34%, pod numbers -
39.72%, root-nodulation - 51.94% and chlorophyll content- 48.92%), of 
test variety as compared to control set. While in case oi P. lilacinus was 
inoculated 15 days to R. solani, damaged significantly in plant growth 
parameters (eg., plant length - 23.49%, fresh weight - 38.50%, dry weight 
- 46.37%, pod numbers - 34.00%, root-nodulation- 45.10% and chlorophyll 
content- 43.04%) as compared to untreated uninoculated (control set). 
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Moreover, R. solani was inoculated 15 days prior to P. lilacinus damaged 
more in growth parameters of plant in comparison to inoculated two weeks 
later. 
The root-rot index was highest recorded in R solani was inoculated 
15 days prior to R. reniformis, while lowest was recorded in R lilacinus 
was inoculated 15 days prior to the R. solani. 
As a result of the application of R lilacinus, nematode multiplication 
was significantly inhibited, highest being (2408) in combined inoculations of 
R. reniformis andR. solani with R lilacinus, followed by (5374) R. reniformis 
was inoculated 15 days prior to P. lilacinus and (6264) R. reniformis was 
inoculated 15 days prior to 7?. solani. The inhibition in nematode multiplication 
was more pronounced when fungus was also present. It appears that fungus 
inhibited nematode multiplication (Table - 3 a). 
(4)3.2:lnfluence of individual and combined inoculations of Paecilomyces 
lilacinus with Rotylenchulus reniformis and /or Rhizoctonia solani on 
nematode multiplication and plant growth of lentil (Lens culinaris) 
variety DPL-47 In the absence of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.3.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium, it was observed that, there was an overall reduction 
in growth parameters of lentil even after application of P. lilacinus as 
compared to those plants which were raised from bacterized seeds. 
Moreover, the test pathogens caused comparatively more damge to the 
plants. The multiplication of nematode was more than that in the presence 
oi Rhizobium. 
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It was observed that the application of P. lilacims improved the growth 
parameters of lentil cv. DPL-47 as compared to untreated uninoculated 
(control) set. The significant improvement was noted with the inoculum 
level of 1.0 g or more mycelial mat/pot of P. lilaciniis. 
The reniform nematode, R. reniformis was inoculated singly with lentil 
plants cause significant reduction in plant growth parameters (viz., plant 
length, fresh and dry weight, chlorophyll content and pod numbers). 
However, in combined inoculations of R. reniformis and P. lilacimis with 
different inoculum levels (viz., 0.5, 1.0 1.5 and 2.0 g mycelial mat /pot) 
brought down damage to the plant growth parameters and more with the 
higher inoculum level of P. lilacinus. The highest inoculum level 2.0 g 
mycelial mat per pot of P. lilacimis shows phyto-toxicity against plant 
growth parameters (Table -3b). 
Root-rot fungus, Rhizoctonia solani was inoculated singly with the 
lentil plants cause significant damage in plant length, fresh and dry weight, 
pod numbers and chlorophyll content of leaves. Moreover, in combined 
inoculations of R. solani and P. lilacimis with different inoculum levels 
(e.g. 0.5, 1.0, 1.5 and 2.0 g) brought down damage to the plant growth 
parameters and more with the higher inoculum level of P. lilacinus. The 
highest inoculum level (2.0 g) of P. lilacinus shows phyto-toxicity against 
growth parameters of lentil plants (Table -3 b). 
In the presence of P. lilacinus, the damage caused by R. reniformis 
was much less (plant length - 26.30%) as compared to R. solani (plant 
length- 29.62%) in the absence of Rhizobium (Table-3b). 
This experiment was carried out simultaneously with the above 
experiment, where the R. reniformis was inoculated singly with lentil cv. 
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DPL-47, cause significant reduction in growth parameters of plant (viz., 
plant length - 37.56%, fresh weight- 42%, dry weight - 37.14%, pod numbers 
- 45.22% and chlorophyll content - 47.00%) as compared to untreated 
uninoculated (control) set. While, R. solani was inoculated singly with 
lentil cv. DPL-47, noted significant reduction in plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves (viz., 40.27%; 
54.64%; 68.92%; 49.34% and 58.00%) respectively, as compared to control 
set. However, the effect of fungus was found to be greater than that of 
nematode in the absence of Rhizobium (Table-3b). 
It was observed that in combined inoculations of the R. reniformis 
with R. solani caused significant damage to (plant length- 46.78%, fresh 
weight- 67.90%, dry weight- 80.26%, pod numbers- 77.63% and chlorophyll 
content- 65.32%) as compared to control set. Their combined inoculations 
caused further damage though, it was less than the total sum caused by 
either of them alone (Table -3b). 
The nematode was inoculated 15 days prior to R. solani, reduced 
significantly in growth parameters (viz., plant length - 42.35%, fresh weight-
56.93%, dry weight - 70.07%, pod numbers - 53.26% and chlorophyll 
content - 61.00%) of plant as compared to control set. However, the fungus, 
R. solani was inoculated 15 days prior to nematode caused significant 
damage in plant length, fresh weight, dry weight, pod numbers and 
chlorophyll content of leaves (e.g. 44.27%; 60.36%; 73.83%; 58.12% and 
64.29%) respectively, as compared to untreated uninoculated (control) set. 
It shows that the reduction in growth parameters was significantly increased 
when R. solani was inoculated 15 days prior to R. reniformis (Table- 3b). 
It was noted that the highest root-rot index (4.9) was found in combined 
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inoculations of R. reniformis and R. solani on lentil. 
The R lilacinus was inoculated singly with lentil, improved 
significantly in growth parameters (viz., plant length- 7.00%, fresh weight 
-11.87%, dry weight -15.50%, pod numbers- 7.92% and chlorophyll 
content- 14.00%) of test plant as compared to untreated uninoculated 
(control) set. However, R. reniformis was inoculated with P. lilacinus on 
test variety caused significant reduction in growth parameters of plant (viz. 
plant length - 11.68%, fresh weight - 17.70%, dry weight - 26.00%, pod 
numbers- 16.06% and chlorophyll content- 21.22%) as compared to 
untreated (control) set. While root-rot fungus, R. solani was inoculated 
with P. lilacimis caused significant reduction in plant growth parameters 
(viz, plant length- 18.44%, fresh weight- 37.16%, dry weight- 47.00%, 
pod numbers- 31.50% and chlorophyll content-39.27%). Moreover, in 
combined inoculations of R. reniformis and R. solani with P. lilacinus 
were caused significant damage in plant length, fresh weight, dry weight, 
pod numbers and chlorophyll content of leaves (viz., 33.16%; 46.72%; 
50.13%; 37.91% and 42.80%) respectively, as compared to uninoculated 
untreated control (Table-3b). 
The R. renifornns was inoculated 15 days prior to P. lilacinus caused 
significant damage in plant growth parameters (viz., plant length -15.32%, 
fresh weight - 24.62%, dry weight -30.90%, pod numbers- 22.67% and 
chlorophyll content - 27.50%) as compared to control set, while as in case 
of P. lilacinus was inoculated 15 days prior to R. reniformis, the significant 
damage were noted in growth parameters (viz., plant length-10.52%, fresh 
weight- 18.97%, dry weight - 24.66%, pod numbers-19.79% and 
chlorophyll content- 21.53%) as compared to uninoculated untreated control 
(Table- 3b). 
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Root-rot fungus, R. solani was inoculated 15 days prior to the P. 
lilacinus caused significant damage in plant growth (viz., plant length-
26.34%, fresh weight - 38.96%, dry weight -56.38%, pod numbers- 35.54% 
and chlorophyll content- 43.74%) as compared to control, while P. lilacinus 
was inoculated 15 days prior to R. solani, reduced significantly plant length, 
fresh weight, dry weight, pod numbers and chlorophyll content (viz., 
16.70%; 30.44%; 44.92%; 30.82% and 35.90%) respectively, as compared 
to untreated control (Table-3b). 
The root-rot index was highest (4.9) recorded in combined inoculations 
of R. reniformis and R. solani, while lowest (1.7) in P. lilacinus was 
inoculated two weeks prior to R. solani (Table-3b). 
As a result of the application of P. lilacinus, nematode multiplication 
was significantly inhibited, highest being (4030) in combined inoculations of 
R. reniformis m&R. solani v/iih P. lilacinus, followed by (6340), reniformis 
was inoculated 15 days prior to P. lilacimis and (8149) R. reniformis was 
inoculated 15 days prior to R. solani. The inhibition in nematode multiplication 
was more pronounced when fungus was also present. It appears that fungus 
inhibit the multiplication of nematode (Table-3b). 
(4)4.1:Influence of individual and combined inoculations of Trichoderma 
viride with Rotylenchulus reniformis and /or Rhizoctonia solani on 
nematode multiplication, root-nodulation and plant growth of lentil 
variety DPL-47 in the presence of Rhizobium, 
The present experiment deals with the influence of Trichoderma viride 
on different growth parameters of lentil infected with reniform nematode, 
Rotylenchulus reniformis and root-rot fungus, Rhizoctonia solani, singly or in 
combined inoculations of both the test pathogens in the presence of Rhizobium. 
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It was noted that the use of Trichoderma viride improved the growth 
parameters of lentil cv. DPL-47, viz., plant length, fresh as well as dry 
plant weight, pod numbers, root-nodulation and chlorophyll content of 
leaves as compared to untreated uninoculated control. The lentil variety 
was inoculated with 1.0 g mycelial mat per pot of Trichoderma viride 
showed significant improvement in different growth parameters. 
Lentil variety DPL-47, was inoculated with 5000 immature females 
of R. reniformis caused significant reduction in plant length, fresh and dry 
plant weight, number of pods, root-nodulation and chlorophyll content of 
leaves. However, different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g) of 
Trichoderma viride was inoculated with 5000 immature females of R. 
reniformis, brought down damage to the plant growth paramters. The highest 
inoculum level (2.0 g) of Z! viride shows phyto-toxicity against growth 
parameters of test variety (Table- 4a). 
Root-rot fungus, R. solani (1.0 g mycelial mat per pot) was inoculated 
with lentil variety caused significant reduction in growth parameters of 
plant. However, 1.0 g mycelial mat per pot of R. solani was inoculated 
with different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g mycelial mat 
per pot) of T. viride, brought down damage to the growth parameters of 
test variety and more with higher inoculum level of T. viride. The highest 
inoculum level (2.0 g mycelial mat per pot) of T. viride shows phyto-toxicity 
against growth parameters of lentil cv. DPL-47. 
In the presence of Trichoderma viride, the damage caused by reniform 
nematode was much less as compared to R. solani with Rhizobium 
(Table -4a). 
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In another experiment lentil cv. DPL-47 was inoculated with 5000 
immature females of R. reniformis caused significant reduction in growth 
parameters (viz., plant length - 26.73%, fresh weight- 37.16%, dry weight 
- 45.63%, pod numbers- 31.57%, root-nodulation - 46.50% and chlorophyll 
content- 41.50%) as compared to untreated uninoculated control. While, 
1.0 g mycelial mat per pot of R. solani was inoculated singly with test 
variety, reduced significantly the plant length, plant weight (fresh and diy), 
pod numbers, root-nodulation and chlorohyll content (viz. 32.00%; 48.50%; 
57.75%; 46.50%; 58.00% and 53.50%) respectively, as compared to 
control. However, the effect of fungus was found to be greater than the 
nematode. Moreover, in combined inoculations of R. reniformis with R. 
solani on lentil variety caused significant reduction in plant length- 44.32%, 
fresh weight- 63.74%, dry weight- 78.00%, pod numbers- 55.34%, root-
nodulation- 80.20% and chlorophyll content- 62.15%, as compared to 
control set. Their combined inoculations caused further reduction though, 
it was less than the total sum caused by either of them alone (Table- 4a). 
It was noted that the 5000 immature females of R. reniformis was 
inoculated 15 days prior to R. solani, caused significant reduction in growth 
parameters (viz., plant length- 40.93%, fresh weight- 61.73%, dry weight-
73.50%), pod numbers- 52.30%, root-nodulation- 75.09% and chlorophyll 
content- 58.18%) as compared to control set. However, the R. solani was 
inoculated 15 days prior to R. reniformis reduced significantly the growth 
parameters of test variety (viz., plant length- 42.27%>, fresh weight- 62.50%», 
dry weight- 75.66%, pod numbers- 53.52%, root-nodulation-77.29% and 
chlorophyll content- 60.61%) as compared to untreated uninoculated control. 
It showed tiiat the reduction in growth parameters significantly increased when 
the fimgus was inoculated 15 days prior to nematode (Table - 4a). 
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Lentil variety DPL-47 was inoculated with 1.0 g mycelial mat per pot 
of T. viride showed significant improvement in plant growth parameters 
(viz., plant length- 6.44%, fresh weight- 10.00%, dry weight-13.52%, pod 
numbers- 8.14%, root-nodulation- 15.66% and chlorophyll content-
10.78%) as compared to control set. However, in combined inoculations 
of R. reniformis with T. viride on test variety caused significant reduction 
in plant growth parameters (viz., plant length- 10.62%, fresh weight-
19.87%, dry weight- 28.00%, pod numbers- 15.37%, root-nodulation-
28.98% and chlorophyll content- 20.66%) as compared to control. While, 
R. solani was inoculated with T. viride caused significant reduction in 
growth parameters viz., plant length, fresh weight, dry weight, pod numbers, 
root-nodulation and chlorophyll content of leaves (18.73%; 36.94%; 
46.32%; 33.27%; 47.00% and 41.07%) respectively, in comparison to 
untreated uninoculated (control) set. Moreover, in combined inoculations 
of R. reniformis and R. solani with T. viride caused significant reduction in 
growth parameters (viz., plant length- 37.40%, fresh weight- 56.32%, dry 
weight- 70.30%, pod numbers- 50.00%, root-nodulation- 70.07% and 
chlorophyll content- 56.36%) of test variety in comparison to untreated 
uninoculated control (Table -4a). 
The 5000 immature females of R. reniformis was inoculated 15 days 
prior to T. viride caused significant reduction in growth parameters (viz., 
plant length- 18.50%, fresh weight- 26.88%, dry weight- 33.10%, pod 
numbers- 22.50%, root-nodulation- 37.91% and chlorophyll content -
27.62%) of the test variety as compared to control. While, T. viride was 
inoculated 15 days prior to R. reniformis caused significant damage in 
plant length- 17.43%, fresh weight- 22.56%, dry weight- 29.02%, pod 
numbers- 18.04%, root-nodulation- 34.52% and chlorophyll content-
96 
24.00%, in comparison to untreated uninoculated control. However, R. 
solani was inoculated 15 days prior to T. viride, reduced significantly the 
growth parameters(viz., plant length - 28.14%, fresh weight - 45.17%, dry 
weight-52.33%, pod numbers- 40.63%, root-nodulation- 53.37% and 
chlorophyll content- 50.57%) of lentil variety as compared to control set. 
While, T. viride was inoculated 15 days prior to R. solani caused significant 
reduction in plant growth parameters viz. plant length, fresh as well as dry 
weight, pod numbers, root-nodulation and chlorophyll content of leaves 
(viz., 25.50%; 40.00%; 49.03%; 36.46%; 48.40% and47.16%) respectively, 
as compared to untreated uninoculated control. Moreover, the reduction 
was increased when the R. solani was inoculated 15 days prior to T. viride 
(Table-4a). 
The root-rot index was highest (4.8) recorded in combined inoculations 
of R. reniformis and R. solani in the presence of Rhizobiim, while lowest 
(1.7) in T: viride was inoculated 15 days prior to R. solani (Table-4a). 
As a result of the application of T. viride, nematode multiplication 
was significantly inhibited, highest being (2550) in combined inoculations 
of R. reniformis and R. solani with T. viride followed by (5515) R. 
reniformis was inoculated 15 days prior to T. viride and (6300) R. reniformis 
was inoculated 15 days prior to R. solani. The inhibition in nematode 
multiplication was more pronounced when fungus was also present. It 
appears that fungus inhibit the nematode multiplication (Table-4a). 
(4)4.2:Influence of individual and combined inoculations of Trichoderma 
viride with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication and plant growth of lentil {Lens culinaris) 
variety DPL-47 in the absence of Rhizobium. 
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This experiment was conducted simultaneosuly with other experiment 
(4.4.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium, it was observed that there was an overall reduction 
in growth parameters (viz., plant length, plant fresh and dry weight, pod 
numbers and chlorohyll content of leaves ) of lentil even after application 
of T. viride as compared to those plants which were raised from bacterized 
seeds. Moreover, the test pathogens caused comparatively more damage to 
the plants. The multiplication of nematode was more than that in the 
presence of Rhizobium. 
It was noted that the application of T. viride improved the plant growth 
parameters of tested variety as compared to untreated control . The 
significant improvement was noted when the test variety was inoculated 
with 1.0 g or more mycelial mat per pot of T. viride. 
The test variety was inoculated with 5000 immature females of R. 
reniformis, caused significant reduction in plant growth parameters. 
However, different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g mycelial 
mat per pot) of T. viride was inoculated with R. reniformis, brought down 
damage to the plant growth parameters. The highest inoculum level (2.0 g) 
of T. viride shows phyto-toxicity against growth parameters of test variety 
(Table-4b). 
Root-rot fungus, R. solani was inoculated with lentil variety caused 
significant reduction in growth parameters of test plant. However, l.Og 
mycelial mat per pot of R. solani was inoculated with different inoculum 
levels (viz., 0.5, 1.0, 1.5 and 2.0 g) of T. viride brought down damage to 
the growth parameters of test variety and more with higher inoculum level 
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of T. viride. The highest inoculum level (2.0 g) of T. viride shows phyto-
toxicity against plant growth parameters (Table-4b). 
In the presence of T. viride the damage caused by R. reniformis was 
much less as compared to R. solani in the absence of Rhizobium. 
This experiment was carried out simultaneously with the above 
experiment, where R. reniformis was inoculated singly with lentil variety 
caused significant reduction in growth parameters of plant (viz., plant length 
-37.74%, fresh weight - 42.17%, diy weight- 37.27%, pod numbers - 44.74% 
and chlorophyll content- 46.82%) as compared to untreated uninoculated 
control. While, 1.0 g mycelium of R. solani was inoculated singly with 
test variety reduced significantly the plant length, plant weight (fresh and 
dry), pod numbers and chlorophyll content (viz., 40.40%; 55.00%; 69.09%; 
50.00% and 57.67%) respectively, as compared to control. However, the 
effect of R. solani was found to be greater than the R. reniformis in the 
absence of Rhizobium (Table -4b). 
The combined inoculations of R. reniformis and R. solani on screened 
variety caused significant reduction in plant length - 46.87%, fresh weight-
68.50%, dry weight - 79.79%, pod numbers- 78.08% and chlorophyll 
content- 66.00%, as compared to control set. Their combined inoculations 
caused further reduction though, it was less then the total sum caused by 
either of them alone (Table -4b). 
It was noted that R. reniformis was inoculated 15 days prior to R. 
solani, caused significant reduction in growth parameters (viz. plant length-
42.30%, fresh weight- 56.30%, dry weight- 69.64%, pod numbers- 52.50% 
and chlorophyll content- 60.00%) as compared to untreated uninoculated 
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control. However, R. solani was inoculated 15 days prior to R. reniformis, 
reduced significantly the growth parameters of test variety (viz., plant 
length- 44.30%, fresh weight- 60.29%, dry weight- 72.90%, pod numbers-
57.62% and chlorophyll content- 64.00%) as compared to control. It shows 
that the reduction in growth parameters of plant significantly increased 
when the R. solani was inoculated 15 days prior to R. reniformis (Table-
4b). 
Screened lentil variety was inoculated with T. viride showed significant 
improvement in plant growth parameters (viz., plant length- 6.40%, fresh 
weight- 10.50%, dry weight -14.58%, pod numbers- 7.22% and chlorophyll 
content- 12.92%) as compared to control set. However, R. reniformis was 
inoculated with T. viride on test variety caused significant reduction in 
growth parameters, viz., plant length- 14.22%, fresh weight- 20.34%, dry 
weight- 28.21%, pod numbers- 18.45% and chlorophyll content- 23.50%, 
as compared to control. While, R. solani was inoculated with T. viride on 
test variety reduced significantly the growth parameters, viz., plant length, 
fresh weight, dry weight, pod numbers and chlorophyll content of leaves 
(20.67%; 40.57%; 49.50%; 34.07% and 41.26% ) respectively, in 
comparison to control set. Moreover, in combined inoculations of R. 
reniformis and R. solani with T. viride, caused significant reduction in 
growth parameters (viz., plant length- 35.39%, fresh weight- 48.58%, dry 
weight- 50.07%, pod numbers- 38.60% and chlorophyll content- 43.13%) 
of test variety in comparison to untreated uninoculated control (Table- 4b). 
The R. reniformis was inoculated 15 days prior to T. viride caused 
significant reduction in growth parameters (viz., plant length-17.70%, fresh 
weight- 27.00%,dry weight- 33.32%, pod numbers- 24.37% and chlorophyll 
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content- 30.94%) as compared to untreated control. While, T. viride was 
inoculated 15 days prior to R. reniformis, damaged significantly in plant 
length- 12.80%, fresh weight 22.50%, dry weight 27.00%, pod numbers-
18.18% and chlorophyll content- 24.04%, as compared to control set. 
Moreover, R. solani was inoculated 15 days prior to T.viride, caused 
significant reduction in growth parameters of test variety (viz., plant length-
27.94%, fresh weight- 39.62%, dry weight- 57.00%, pod numbers- 37.52% 
and chlorophyll content- 44.62%) as compared to control. While, T. viride 
was inoculated 15 days prior to R. solani caused significant reduction in 
plant length- 18.00%, fresh weight- 32.32%, dry weight- 46.46%, pod 
numbers- 32.00% and chlorophyll content- 38.00% as compared to control. 
The findings showed that the reduction was increased when R. solani was 
inoculated 15 days prior to T. viride (Table- 4b). 
The root-rot index was highest (4.9) recorded in combined inoculations 
of R. reniformis and R. solani on test variety in the absence of Rhizobium, 
while lowest (1.9) in T. viride was inoculated 15 days prior to R. solani 
(Tabie-4b). 
As a result of the application of T. viride, nematode multiplication 
was significantly inhibited, highest being (4250) in combined inoculations 
of R. reniformis and R. solani with T. viride followed by (6580), R. 
reniformis was inoculated 15 days prior to T. viride and (8200) R. reniformis 
was inoculated 15 days prior to R. solani. The inhibition in nematode 
multiplication was more pronounced when fungus was also present. It 
appears that fungus inhibit the nematode multiplication (Table-4b). 
(4)5.1:lnfluence of individual and combined inoculations of 
Aspergillus niger with Rotylenchulus reniformis and/or Rhizoctonia 
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solani on nematode multiplication, root-nodulation and plant growth 
of lentil {Lens culinaris) variety DPL-47 in the presence of Rhizobium. 
The present experiment deals with the influence of Aspergillus niger 
on different growth parameters of lentil infected with reniform nematode, 
R. reniformis and root-rot fungus, Rhizoctonia solani, singly or in combined 
inoculations in the presence of Rhizobium. 
It was noted that the use of antagonistic fungi, Aspergillus niger, 
improved the growth parameters of lentil cv. DPL-47, viz., plant length, 
fresh weight, dry weight, pod numbers, root-nodulation and chlorophyll 
content of leaves as compared to control. The lentil variety was inoculated 
with 1.0 g mycelium o f ^ . niger showed significant improvement in all 
growth parameters of plant. 
The test variety was inoculated singly with 5000 immature females 
of R. reniformis caused significant reduction in plant growth parameters. 
However, different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g) oi A. 
niger was inoculated with R. reniformis, brought down damage to the plant 
growth parameters. The highest inoculum level (2.0g) of A. niger shows 
phyto-toxicity against growth parameters of test variety (Table-5a). 
Root-rot fungus, R. solani was inoculated singly with test variety 
caused significant reduction in growth parameters (viz., plant length, fresh 
as well as dry weight, pod numbers, root-nodulation and chlorophyll content 
of leaves) of test plant. However, 1.0 g mycelial mat per pot of/?, solani 
was inoculated with different inoculum levels (viz., 0.5. 1.0, 1.5 and 2.0 
g) of A. niger brought down damage to the growth parameters of test plant 
and more with higher inoculum level of A. niger. The highest inoculum 
level (2.0g) of A. niger shows phyto-toxicity against growth parameters of 
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test plant. In the presence of A. niger the damage caused by reniform 
nematode was much less as compared to R. solani with Rhizobium 
(Table-5a). 
In another experiment the lentil cv. DPL-47, was inoculated with 
R. reniformis caused significant reduction in plant growth parameters (viz., 
plant length - 27.14%, fresh weight- 36.45%, dry weight- 44.67%,pod 
numbers- 33.15%, root- nodulation 45.07% and chlorophyll content-
40.80%) as compared to untreated uninoculated control. While, R. solani 
was inoculated with test variety, reduced significantly the growth 
parameters( plant length- 32.00%, fresh weight- 48.08%, dry weight -
57.16%, pod numbers- 44.00%, root-nodulation- 56.88% and chlorophyll 
content- 52.77%) of the variety as compared to control. The effect of fungus 
was found to be greater as compared to nematode. Moreover, in combined 
inoculations of R. reniformis and R. solani on lentil caused significant 
reduction in plant length - 44.50%, fresh weight - 64.00%, dry weight -
77.63%, pod numbers- 55.50%, root- nodulation- 80.83% and chlorophyll 
content- 62.50%, as compared to untreated unincoulated control. Their 
combined inoculations caused further damage though, it was less than the 
total sum caused by either of them alone (Table- 5a). 
It was noted that the R. reniformis was inoculated 15 days prior to R. 
solani caused significant reduction in growth parameters (viz., plant length 
- 39.64%, fresh weight- 59.71%, dry weight - 74.00%, pod numbers-
52.86%, root-nodulation - 75.60% and chlorophyll content- 59.17%) of 
lentil variety as compared to control, while R. solani was inoculated 15 
days prior to R. reniformis caused significant reduction in different growth 
parameters (plant length- 42.60%, fresh weight- 63.94%, dry weight-
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73.36%, pod numbers- 53.84%, root nodulation- 77.34% and chlorophyll 
content- 60.66%) of lentil as compared to untreated uninoculated( control) 
set (Table-5a). 
A. niger was inoculated singly with lentil variety DPL-47, showed 
significant improvement in plant length- 5.77%, fresh weight- 8.44%, dry 
weight- 11.56%, pod numbers- 6.17%, root-nodulation -13.39% and 
chlorophyll content- 9.96%, as compared to control set. However, in 
combined inoculations of R. reniformis and A. niger on test plant caused 
significant reduction in growth parameters (viz., plant length-12.36%, fresh 
weight- 21.97%, dry weight- 30.57%, pod numbers -19.00%, root-
nodulation- 31.73% and chlorophyll content- 23.90%) of lentil as compared 
to control. While, R. solani was inoculated with A. niger on test variety 
reduced significantly the growth parameters (viz. plant length- 20.58%, 
fresh weight- 37.78%, dry weight- 48.34%, pod numbers- 35.40%, root-
nodulation- 49.93% and chlorophyll content -42.36%) as compared to 
control. Moreover, in combined inoculations oiR. reniformis and R. solani 
with antagonistic fungi A. niger in the ratio of 5000 + l.Og + l.Og, 
respectively, caused significant reduction in growth parameters (viz., plant 
length- 38.00%, fresh weight - 57.06%, dry weight -70.47%, pod numbers-
50.79%, root- nodulation- 72.22% and chlorophyll content- 57.40%) of 
lentil as compared to control(Table-5a). 
The R. reniformis was inoculated 15 days prior t o ^ . niger caused 
significant reduction in different growth parameters viz., length- 18.90%, 
fresh weight- 28.62%, dry weight- 35.36%, pod numbers- 23.57%, root-
nodulation- 40.18% and chlorophyll content- 29.00%) of lentil plant. While, 
A. niger was inoculated 15 days prior to R. reniformis, reduced significantly 
108 
the growth parameters (viz., plant length- 17.56%, fresh weight- 25.30%, 
diy weight- 31.87%, pod numbers 20.90%, root-nodulation- 37.00% and 
chlorophyll content- 26.33%)of test plant as compared to control. Moreover, 
R. solani was inoculated 15 days prior to A. niger, the significant reduction 
was noted in growth parameters (viz., plant length- 28.70%, fresh weight-
45.50%, dry weight- 53.86%, pod numbers- 41.00%, root- nodulation-
53.50% and chlorophyll content- 50.66%) of test plant. While A. niger 
was inoculated 15 days prior to R. solani the significant reduction was 
noted in growth parameters (viz., plant length- 26.00%, fresh weight-
41.49%, dry weight- 50.00%, pod numbers- 37.00%, root-nodulation-
49.36% and chlorophyll content- 47.76%) in comparison to untreated 
uninoculated control. The reduction was increased when R. solani was 
inoculated two week prior to A. niger (Table-5a). 
The root-rot index was highest (4.8) recorded in combined 
inoculations of R. reniformis and R. solani in the presence of Rhizobium, 
while lowest (1.8) mA. niger was inoculated 15 days prior to R. solani 
(Table-5a). 
As a result of the application of A. niger, nematode multiplication 
was significantly inhibited, highest being (2679) in combined inoculations 
of R. reniformis and R. solani with A. niger, followed by (5724) R. 
rew/omw was inoculated 15 days prior to niger md {6290) R. reniformis 
was inoculated 15 days prior to R. solani. The inhibition in nematode 
multiplication was more pronounced when fungus was also present. It 
appears that the fungus inhibited nematode multiplication (Table - 5 a). 
(4)5.2:Influence of individual and combined inoculations oiAspergillus 
niger with Rotylenchulus reniformis and /or Rhizoctonia solani on 
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nematode multiplication and plant growth of lentil {Lens culinaris) 
variety DPL-47 in the absence of Rhizobium. 
This experiment was carried out simultaneously with the other 
experiment(4.5.1), where seeds were bacterized before sowing , and the 
fungus and nematode were inoculated to the plants under same conditions. 
In the absence of Rhizobium, it was observed that there was an overall 
reduction in growth parameters of test variety even after application of A. 
niger as compared to those plants which were raised from bacterised seeds 
•Moreover, the test pathogens caused comparatively more damage to the 
plants. The multiplication of nematode was more than that in the presence 
of Rhizobium. 
It was observed that the application oiA. niger improved the growth 
parameters of test variety as compared to untreated uninoculated control. 
The significant improvement was noted Vv'ith the inoculum level of 1.0 g or 
more mycelial mat per pot of A. niger. 
The test variety was inoculated singly with R. reniformis caused 
significant reduction in plant growth parameters (viz., plant length, fresh 
weight, dry weight, pod numbers and chlorophyll content). However, in 
combined inoculations oiR. reniformis mAA. niger with different inoculum 
levels (viz, 0.5, 1.0, 1.5 and 2.0 g) brought down damage to the plant 
growth parameters .The highest inoculum level (2.0g) of A. niger, shows 
phyto-toxicity against growth parameters of test variety (Table-5b). 
Root-rot fungus, R. solani was inoculated singly with lentil variety 
caused significant damage in growth parameters of test plant. However, R. 
solani was inoculated with different inoculum levels (viz, 0.5, 1.0, 1.5 
110 
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and 2.0g) of A. niger, brought down damage to the growth parameters of 
plant, and more with higher inoculum level. The highest inoculum level 
(2.0g) of A. niger shows phyto-toxicity against plant growth parameters. 
The findings showed that the damage caused by R. reniformis was much 
less as compared to R. solani in the presence of yl. niger (Table-5b). 
In another experiment, the screened variety was inoculated singly 
with R. reniformis caused significant reduction in growth parameters of 
plant (viz, plant length -37.42%, fresh weight-42.00%, dry weight-49.50%, 
pod numbers- 45-60% and chlorophyll content- 46.50%). While R. solani 
was inoculated singly with lentil variety reduced significantly the plant 
length, plant weight (fresh as well as dry), pod numbers and chlorophyll 
content (viz, 40.20%; 54.38%; 69.50%; 47.09% and 59.00%) respectively, 
as compared to control. Moreover, the effect oiR. solani was found to be 
greater than the R. reniformis in the absence of Rhizobium (Table-5b). 
The combined inoculations of R. reniformis and R. solani on screened 
variety caused significant reduction in (plant length -46.70%,fresh weight-
68.47%, dry weight-79.64%, pod numbers- 77.87% and chlorophyll 
content-65.73%) growth parameters of plants as compared to control set. 
Their combined inoculations caused further reduction though ,it was less 
than the total sum caused by either of them alone (Table-5b). 
It was noted that the R. reniformis was inoculated with 15 days prior 
to R. solani caused significant reduction in growth parameters (viz., plant 
length - 42.40%, fresh weight- 55.82%, dry weight- 69.00%, pod numbers-
53.10% and chlorophyll content- 59.62%) of plant as compared to untreated 
control. While, R. solani was inoculated 15 days prior to R. reniformis 
reduced significantly the plant growth parameters viz., plant length, fresh 
113 
weight, dry weight, pod numbers and chlorophyll content of leaves (viz., 
44.46%; 60.32%; 71.98%; 57.00% and 63.87%) respectively, as compared 
to control. It showed that the reduction in growth parameters of plant were 
significantly increased when the R. solani was inoculated 15 days prior to 
R. reniformis (Table -5b). 
Lentil variety DPL-47 was inoculated with niger showed significant 
improvement in all growth parameters (viz., plant length- 6.00%, fresh 
weight- 8.68%, dry weight- 13.90%, pod numbers- 6.44% and chlorophyll 
content- 12.14%) of the variety as compared to control set. However, R. 
reniformis was inoculated with A. niger on test plant caused significant 
reduction in plant growth parameters, viz. plant length- 15.34%, fresh 
weight- 23.64%, dry weight- 30.64%, pod numbers- 21.63% and 
chlorophyll content - 26.54%. While, R. solani was inoculated with A. 
niger on test plant reduced significantly the growth parameters viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves (viz, 23.65%; 42.80%; 52.50%; 36.07% and 42.00%) respectively, 
in comparison to control set. Moreover, in combined inoculations of R. 
reniformis and R. solani with^. niger caused significant reduction in growth 
parameters (viz., plant length- 36.71%, fresh weight- 50.06%, dry weight-
52.80%, pod numbers- 40.32% and chlorophyll content- 44.95%) of plant 
as compared to untreated uninoculated control set (Table- 5b). 
The R. reniformis was inoculated 15 days prior to A. niger, caused 
significant reduction in plant growth parameters (viz., plant length-18.56%, 
fresh weight- 27.50%, dry weight- 35.72%, pod numbers- 25.88% and 
cholorophyll content- 32.12%). While, A. niger was inoculated 15 days 
prior to R. reniformis the significant reduction was recorded in growth 
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parameters (viz., plant length- 14.20%, fresh weight- 22.54%, dry weight-
26.10%, pod numbers-17.06% and chlorophyhll content- 24.50%) of plant 
as compared to control. However, R. solani was inoculated 15 days prior 
to A. niger caused significant reduction in plant growth parameters (viz., 
plant length- 29.64%, fresh weight- 43.92%, dry weight- 54.54%, pod 
numbers- 38.55% and chlorophyll content- 46.86%). While, A. niger was 
inoculated 15 days prior to R. solani, reduced significantly the plant growth 
parameters (viz., plant length- 19.33%, fresh weight- 34.00%, dry weight-
47.59%, pod numbers- 28.99% and chlorophyll content- 39.66%) in 
comparison to untieated uninoculated control set. Morevoer, the reduction 
was increased when the R. solani was inoculated 15 days prior t o ^ . niger 
(Table-5b). 
The highest root-rot index (4.9) was recorded in combined inoculations 
of R. reniformis and R. solani on test plant in the absence of Rhizobium, 
while, lowest (2.0) was recorded i n^ . niger was inoculated 15 days prior 
to R. solani (Table -5b). 
As a result of the application of A. niger, nematode multiplication 
was significantly inhibited, highest being (4350) in combined inoculations 
of R. reniformis and R. solani with A. niger, followed by (6675), R. 
reniformis was inoculated 15 days prior to niger and (8280)/?. reniformis 
was inoculated 15 days prior to R. solani. The inhibition in nematode 
multiplication was more pronounced when fungus was also present. It 
appears that fungus inhibit the nematode multiplication (Table-5b). 
(4)6.1 rinfluence of individual and combined inoculations of Verticillium 
chlamydosporium with Rotylenchulus reniformis and/or Rhizoctonia 
solani on nematode multiplication, root- nodulation and plant growth 
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of \Qni\\{Lens cuUnaris) variety DPL-47 in the presence of Rhizobium. 
This experiment deals with the influence of V. chlamydosporium in 
different growth parameters of lentil infected with R. reniformis and R. 
solani singly or in combined inoculations of both the test pathogens in 
the presence of Rhizobium. 
Significant improvement was noted in all growth parameters of lentil 
when antagonistic fungi, V. chlamydosporium was inoculated with lentil 
variety (Table-6a). 
The test variety was inoculated singly with R. reniformis, caused 
significant reduction in all growth parameters, viz., plant length, fresh 
weight, dry weight, pod numbers, root-nodulation and chlorophyll content 
of leaves. However, in combined inoculations of R. reniformis with different 
inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g) of V. chlamydosporium, 
brought down damage to all growth parameters of plant. The highest 
inoculum level (2.0 g) of V. chlamydosporium shows phyto-toxicity against 
all growth parameters of test variety (Table-6a). 
The significant reduction was also noted when the root-rot fungus, R. 
solani was inoculated singly with test variety, however, R. solani was 
inoculated with different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0 g) of 
V. chlamydosporium, brought down damage to all growth parameters of 
the plant and more with higher inoculum level. The highest inoculum level 
(2.0g) of V. chlamydosporium shows phyto-toxicity against all growth 
parameters of test plant. In the presence of V. chlamydosporium, the damage 
caused by R. reniformis was much less as compared to R. solani with 
Rhizobium (Table-6a). 
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In another experiment, the significant reduction in growth parameters 
(viz., plant length - 24.47%, fresh weight- 37.25%, dry weight- 45.00%, 
pod numbers- 35.10%, root-nodulation - 46.08% and chlorophyll content-
41.72%) of test variety was recorded when it was inoculated singly with R. 
reniformis. However, the pathogenic fungi, R. solani was inoculated singly 
with the same variety caused significant reduction in growth parameters 
viz., plant length-32.12%, fresh weight- 48.46%, dry weight- 57.28%, pod 
numbers- 44.22%, root-nodulation- 57.15% and chlorophyll content-
53.00%, as compared to untreated uninoculated (control) set. The pathogenic 
fungi damaged more as compared to nematode. Moreover, in combined 
inoculations oiR. reniformis and R. solani on test variety caused significant 
reduction in all growth parameters (viz., plant length - 45.66%, fresh weight-
64.32%, dry weight- 78.12%, pod numbers - 55.78%, root-nodulation-
80.41% and chlorophyll content- 62.03%) of plant as compared to control. 
The combined inoculations of both the test pathogens caused further damage 
though, it was less than the total sum caused by either of them alone (Table-
6a). 
Significant reduction in all growth parameters of plant was observed 
when R. reniformis was inoculated 15 days prior to R. solani (viz., plant 
length-39.14%, fresh weight- 58.64%, dry weight - 72.50%, pod numbers -
52.11%, root-nodulation- 74.22% and chlorophyll content - 59.37%). While, 
R. solani was inoculated 15 days prior to R. reniformis, the damage was 
recorded in all growth parameters (plant length - 43.29%, fresh weight-
60.73%, dry weight- 75.92%, pod numbers- 53.50%, root-nodulafion-
76.70% and chlorophyll content - 60.55%) of test variety in comparison to 
control, the damage caused by both the test pathogens was significant 
statistically (Table-6a). 
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The antagonistic fiingi, V. chlamydosporium was inoculated singly with 
test variety caused significant improvement in different growth parameters 
(viz., plant length - 4.99%, fresh weight- 7.50%, dry weight- 10.85%, pod 
numbers- 5.55%, root-nodulation-11.24% and chlorophyll content - 9.00%) 
of test variety as compared to uninoculated control set, however, 
simultaneously V. chlamydosporium was inoculated with R. reniformis, the 
reduction was noted in all growth parameters (eg. plant length - 13.00%, 
fresh weight- 23.78%, dry weight- 32.99%, pod numbers - 21.34%, root-
nodulation- 36.05% and chlorophyll content- 25.80%) of the plant. 
Moreover, in combined inoculations oiR. solani and V. chlamydosporium 
on test plant caused significant reduction in growth parameters (plant length-
22.75%, fresh weight - 38.00%, dry weight- 50.20%, pod numbers - 36.30%, 
root-nodulation - 50.18%, chlorophyll content 43.10%) of test plant as 
compared to control. While, in combined inoculations of R. reniformis and 
R. solani together with V. chlamydosporium caused greater reduction in all 
growth parameters (viz. plant length- 38.22%, fresh weight - 57.16%, dry 
weight- 70.69%, pod numbers- 50.05%, root-nodulation-73.14%, and 
chlorophyll content-58.15%), as compared to Rr+Vc or Rs+Vc. The 
reduction due to simultaneous inoculations of R. reniformis and V. 
chlamydosporium or R. solani and V. chlamydosporium though, statistically 
significant(Table-6a). 
The R. reniformis was inoculated 15 days pr ior to 
V. chlamydosporium caused significant reduction in all growth parameters 
of plant, while V. chlamydosporium was inoculated 15 days prior to R. 
reniformis, reduced significantly all growth parameters of plant as compared 
to control set. Moreover, pathogenic fungi, R. solani was inoculated 15 
days prior to V. chlamydosporium caused greater reduction in all growth 
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parameters (viz., plant length - 28.99%, fresh weight - 46.00%, dry weight 
- 54.13%, pod numbers - 41.25%, root-nodulation - 53.68% and chlorophyll 
content- 50.78%) while V chlamydospomm was inoculated 15 days prior 
to R. solani caused reduction in plant length - 26.44%, fresh weight -
43.05%, dry weight- 50.78%, pod numbers-37.28%, root-nodulation -
50.23% and chlorophyll content - 48.00%) respectively, as compared to 
control set (Table-6a). 
The one thing emerged from the results that the presence of root-rot 
fungus, R. solani in combination with the R. reniformis was more damaging 
than its absence. 
The highest root-rot index (4.9) was recorded in combined inoculations 
of R. reniformis and R. solani in the presence of Rhizobium, while lowest 
(2.0) in V. chlamydosporium was inoculated 15 days prior to R. solani 
(Table-6a). 
The final population of nematode was 19660 per pot when R. 
reniformis was inoculated singly. In combined inoculations, multiplication 
of R. reniformis was adversely affected due to R. solani and V. 
chlamydosporium. Highest inhibition in multiplication of R. reniformis 
(2856) was noted where combined inoculations of R. reniformis and R. 
solani with V. chlamydosporium being fo l lowed (3374) by V. 
chlamydosporium was inoculated two weeks before the R. reniformis and 
minimum (6312) when it was inoculated two weeks prior to pathogenic 
fungi, R. solani (Table-6a). 
(4)6.2:Influence of individual and combined inoculations of Verticillium 
chlamydosporium with Rotylenchulus reniformis and/or Rhizoctonia 
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solani on nematode multiplication and plant growth of lentil(Le«^ 
culinaris) variety DPL-47 in the absence of Rhizobium. 
The present experiment was carried out simultaneously with the other 
experiment (4.6.1), where seeds were bacterized before sowing, and than 
the plants were inoculated with R. solani and R. reniformis under same 
conditions (Table-6b). It was observed that in absence of Rhizobium, there 
was an overall reduction in plant growth parameters of test variety even 
after application of Verticillium chlamydosporiim as compared to those 
plants which were raised from bacterized seeds. Moreover, the test 
pathogens caused comparatively more damage to the plants. The 
multiplication of nematode was more than that in presence of Rhizobium. 
It was noted that the application of V. chlamydosporium ,improved 
the plant growth parameters of test variety as compared to untreated 
uninoculated control. The significant improvement was noted when the 
test variety was inoculated with 1.0 g mycelium of V. chlamydosporium 
(Table-6b). 
The test variety was inoculated singly with R. reniformis caused 
significant reduction in different growth parameters (viz., plant length, fresh 
weight, dry weight, pod numbers and chlorophyll content) as compared to 
control. However, different inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0g) 
of v. chlamydosporium was inoculated with R. reniformis brought down 
damage to the plant grov^h parameters. The highest inoculum level (2.0g) 
of V. chlamydosporium shows phyto-toxicity against growth parameters 
of test plant (Table-6b). 
Root-rot fungus, R. solani was inoculated singly with lentil variety 
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caused significant reduction in growth parameters of plant. However, l.Og 
mycelium of R. solani was inoculated simultaneously with different 
inoculum levels (viz., 0.5, 1.0, 1.5 and 2.0g) of V. chlamydosporium, brought 
down damage to the different plant growth parameters and more with higher 
inoculum level of the same. The highest inoculum level (2.0 g) of V. 
chlamydosporium shows phyto-toxicity against all plant growth parameters. 
The damage caused by R. reniformis was much less as compared to R. 
solani in the presence of V. chlamydosporium (Table-6b). 
In another experiment, the test variety was inoculated singly with R. 
reniformis caused significant reduction in all growth parameters (viz., plant 
length - 37.20%, fresh weight- 41.79%, dry weight- 50.50%, pod numbers 
- 45.44% and chlorophyll content- 47.00%) of plant. However, pathogenic 
fungi, R. solani was inoculated singly with test variety caused significant 
reduction in plant length- A0A1%, fresh weight - 55.00%, dry weight -
69.47%, pod numbers- 46.70% and chlorophyll content - 58.62%, as 
compared to uninoculated untreated control. Moreover, in combined 
inoculations of R. reniformis and R. solani on test plant caused significant 
reduction in plant length, fresh weight, dry weight, pod numbers and 
chlorophyll content (viz., 46.77%; 69.32%; 80.15%; 75.00% and 67.11%) 
respectively, as compared to control. It was noted that the combined 
inoculations of both the test pathogens caused further damage though, it 
was less than the total sum caused by either of them alone (Table-6b). 
Significant reduction in all growth parameters of plant was also noted 
when the R. reniformis was inoculated two weeks prior to R. solani (viz., 
plant length- 42.46%, fresh weight - 56.00%, dry weight - 69.73%, pod 
numbers- 52.77% and chlorophyll content - 60.00%), while R. solani was 
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inoculated two weeks prior to R. reniformis caused significant reduction 
in plant length- 44.32%, fresh weight - 59.56%, dry weight - 73.60%, pod 
numbers- 59.09% and chlorophyll content - 64.88%, as compared to 
untreated uninoculated control set. It showed that the significant reduction 
in all growth parameters was slightly more when R. solani was inoculated 
two weeks before to the R. reniformis (Table -6b). 
The antagonistic fungi, chlamydosporium was inoculated singly 
with the lentil variety caused significant improvement in all growth 
parameters (viz., plant length- 5.33%, fresh weight -8.66%, dry weight -
12.40%, pod numbers- 5.70% and chlorophyll content - 11.19%) as 
compared to control. 
Combined inoculations of R. reniformis and V. chlamydosporium on 
lentil brought down damage to some extent in plant length, fresh weight,dry 
weight, pod numbers and chlorophyll content of leaves (viz., 17.31%; 
25.80%; 33.35%; 23.73% and 29.10%) respectively, however, R. solani 
was inoculated concomitantly with V. chlamydosporium on lentil, restrict 
the damage in all growth parameters of plant (viz., plant length- 25.70%, 
fresh weight - 44.10%, dry weight - 53.00%, pod numbers- 37.50% and 
chlorophyll content - 42.57%) as compared to control. Moreover, R. 
reniformis and R. solani were inoculated simultaneously with V. 
chlamydosporium, restrict damage to some extent in all growth parameters 
e.g. plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content (viz., 37.10%; 51.50%; 53.00%; 46.94% and 45.40%) respectively, 
as compared to untreated uninoculated control (Table-6b). 
The R. reniformis was inoculated two weeks pr ior to V. 
chlamydosporium caused significant reduction in all growth parameters 
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(viz., plant length-19.80%, fresh weight-29.00%, dry weight-36.10%, pod 
numbers -27 .17% and chlorophyll content-33.6 0%) however , V. 
chlamydosporium was inoculated two weeks prior to R. reniformis brought 
down damage in all growth parameters (viz., plant length-15.26%, fresh 
weight-23.94%, dry weight-28.15%, pod numbers-19.00% and chlorophyll 
content-25.10%), while in case of root-rot fungus, R. solani was inoculated 
15 days prior to V. chlamydosporium caused significant damage in plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves (viz., 30.47%; 45.10%; 54.87%; 39.50% and 47.00%) moreover, V. 
chlamydosporium was inoculated 15 days prior to R. solani brought down 
damage to some extent in plant length, fresh weight, dry weight, pod 
numbers and chlorophyll content (viz., 20.36%; 35.97%; 48.00%; 31.67% 
and 41.17%) as compared to untreated uninoculated control (Table-6b). 
The one thing emerged from the results that the presence of root-rot 
fungus, R. solani in combination with R. reniformis was more damaging 
than its absence. 
The highest root-rot index (4.9) was recorded in combined 
inoculations of R. reniformis and R. solani in the absence of Rhizobium, 
while lowest (2.2) in V. chlamydosporium was inoculated two weeks prior 
to R. solani (Table-6b). 
The final population of nematode was 22537 per pot when R. 
reniformis was inoculated singly. In combined inoculations, multiplication 
of R. reniformis was adversely affected due to R. solani and V. 
chlamydosporium. Highest inhibition in multiplication of R. reniformis 
(4475) was noted in combined inoculations ofR. reniformis and R. solani 
with V. chlamydosporium being followed (4590) by V. chlamydosporium 
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was inoculated two weeks prior to R. reniformis and minimum (8249) when 
it was inoculated two weeks prior to pathogenic fungi, R. solani (Table-
6b). 
(4)7.1:Influence of individual and combined inoculations of Arthrobotrys 
oligospora with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication, root- nodulation and plant growth of 
lentil(Le«s culinaris) variety DPL-47 in the presence of Rhizobium. 
This experiment deals with the influence of A. oligospora in different 
growth parameters of lentil infected with R. reniformis and R. solani singly 
or in combined inoculations of both the test pathogens in the presence of 
Rhizobium. 
Significant improvement was noted in all growth parameters of lentil 
when antagonistic fungi, A. oligospora was inoculated with lentil 
variety(Table-7a). 
The test variety was inoculated with R. reniformis caused significant 
reduction in all growth parameters .viz,plant length , fresh weight, dry 
weight, pod numbers,root -nodulation and chlorophyll content of leaves, 
however different inoculum levels(viz, 0.5,1.0,1.5and 2.0g) of A. 
oligospora, brought down damage to the all growth parameters of plant. 
The highest inoculum level(2.0g)of A. oligospora shows phyto-toxicity 
against all growth parameters of the plant(Table-7a). 
The significant reduction in all growth parameters of plant was noted, 
when the root-rot fungus,/?, solani was inoculated with lentil variety. 
However, R. solani was inoculated with different inoculum levels(viz, 
0.5,1.0,1.5and 2.0g) oiA. oligospora,brought down damage to all growth 
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parameters of plant and more with higher inoculum level. The highest 
inoculum level (2.0g) of A. oligospora shows phyto-toxicity against all 
growth parameters of test plant(Table-7a). 
In the presence of A. oligospora, the damage caused by R. reniformis 
was much less as compared to R. solani with Rhizobium (Table-7a). 
In another experiment, the significant reduction in growth parameters 
(viz., plant length- 27.84%,fresh weight-37.60%,dry weight-45.I2%, pod 
numbers-38.00%, root-nodulation-46.76%and chlorophyll content-42.17%) 
of test variety was recorded when it was inoculated singly with R. reniformis. 
However, pathogenic fungi, R. solani was inoculated singly with the same 
variety cauesd .significant reduction in all growth parameters viz., plant 
length -32.87%,fresh weigth-48.93%, dry weight- 58.24%, pod numbers-
44.76%, root-nodulation-57.55% and chlorophyll content -53.46%, as 
compared to untreated uninoculated (control) set .The pathogenic fungi 
damaged more in all growth parameters of plant as compared to nematode. 
Moreover, in combined inoculations of both the test pathogens on lentil 
caused significant reduction in all growth parameters (viz, plant length-
46 .05%, f re sh weight -64 .68%,dry weight -78 .86%,pod numbers-
56.30%,root-nodulation-80.63% and chlorophyll content-62.55%) of test 
plant as compared to control .The combined inoculations of both the test 
pathgoens caused further damage though, it was less than the total sum 
caused by either of them alone (Table-7a). 
Significant reduction in all growth parameters of plant was also 
observed when the nematode was inoculated two weeks prior to R. solani 
(viz,plant length-39.63%, fresh weight-60.36%, dry weight-72.49%, pod 
numbers-52.52%), root-nodulation-76.17% and chlorophyll content-
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60.80%), while/?, solani was inoculated two weeks prior to R. reniformis, 
the significant damage was recorded in all growth parameters (plant length-
42.50%,fresh weight-62.40%, dry weight-74.62%, pod numbers-54.24%, 
root-nodulation-77.40% and chlorophyll content-6I.30%) of test variety 
in comparison to control (Table-7a). 
The antagonistic fungi, A. oligospora was inoculated singly with the 
lentil variety caused significant improvement in different growth parameters 
(plant length-4.56%,fresh weight-7.02%, diy weight-10.3 3%, pod numbers-
5.32%, root-nodulation-10.03% and chlorophyll content-8.76%) of test 
plant as compared to untreated uninoculated control, however simultaneous 
inoculation of A. oligospora and R. reniformis on test crop, caused 
significant reduction in growth parameters viz.,plant length, fresh weight, 
dry weight, pod numbers, root-nodulation and chlorophyll content 
(13.58%;25.56%;34.05%; 22.20%;37.00% and 26.95%) respectively, of 
test plant as compared to control, while in combined inoculations of R. 
solani and A. oligospora also caused significant reduction in all 
parameters (plant length-24.78%,fresh weight-38.39%, dry weight-53.32%, 
pod numbers-38.20%, root-nodulation-51.52% and chlorophyll content-
43.77%) of them as compared to untreated uninoculated control. Moreover, 
simultaneous inoculations oiR. reniformis and R. solani together withv4. 
oligospora caused significant reduction in all growth parameters (viz.,plant 
length-38.75%,fresh weight-58.07%, dry weight-70.75%, pod numbers-
50.99%, root-nodulation-74.16% and chlorophyll content-60.12%) of test 
plant as compared to untreated uninoculated control(Table-7a). 
The R. reniformis was inoculated 15days prior to A. oligospora 
caused significant reduction in all growth parameters of plant, while 
132 
A. oligospora was inoculated 15days prior to R. reniformis, reduced 
significantly all growth parameters of plant as compared to control 
set. Moreover, pathogenic fungi, R. solani was inoculated two weeks 
prior to the A. oligospora caused greater reduction in different growth 
parameters (plant length-29.63%,fresh weight-46.45%, dry weight-
5 5 . 1 4 % , pod n u m b e r s - 4 1 . 7 6 % , r o o t - n o d u l a t i o n - 5 4 . 2 5 % and 
chlorophyll content-51.09%),while A. oligospora was inoculated 
15days prior to R. solani also caused significant reduction in plant 
l eng th -27 .13%, f r e sh we igh t -44 .59% ,dry we igh t -51 .50%, pod 
numbers-37.35%, root-nodulation-53.00% and chlorophyll content-
49.03%, respectively, as compared to control set (Table-7a). 
The one thing emerged from the results that in the presence of root -
rot fungus, R. solani in combined inoculations with R. reniformis was 
more damaging than its absence. 
The highest root-rot index (4.8) was recorded in combined 
inoculations of R. reniformis and R. solani in the presence of Rhizobium, 
while lowest (2.2) in A. oligospora was inoculated 15days prior to R. 
solam(Tab\e-la). 
The final population of nematode was 19644 per pot when R. 
reniformis was inoculated singly. In combined inoculations, multiplication 
of nematode adversely affected due to R. solani and^. oligospora. Highest 
inhibition in multiplication of nematode(3080) was noted where combined 
inoculations of R. reniformis and R. solani with A. oligospora being 
followed(3678) by A. oligospora was inoculated 15days prior to R. 
reniformis and minimum (6320) when it was inoculated two weeks prior to 
R. solaniiJdb\Q-ld). 
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(4)7.2:Influence of individual and combined inoculations of Arthrobotrys 
oligospora with Rotylenchulus reniformis and/or Rhizoctonia solani on 
nematode multiplication and plant growth of IentiI(Z,ert$ culinaris) 
variety DPL-47 in the absence of Rhizobium. 
The present experiment was carried out simultaneously with the other 
experiment (4.7.1), where seeds were bacterized before sowing , and than 
the plants were inoculated with R. solani and R. reniformis under same 
conditions (Table-7b).It was observed that in absence of Rhizobium, t\iQXQ 
was an overall reduction in plant growth parameters of test variety even 
after application of Arthrobotrys oligospora as compared to those plants 
which were raised from bacterized seeds. Moreover,the test pathogens 
caused comparatively more damage to the plants .The multiplication of 
nematode was more than that in the presence of Rhizobium. 
It was noted that the application of A. oligospora improved the plant 
growth parameters of test variety as compared to untreated uninoculated 
control. The significant improvement was noted when the test variety was 
inoculated with l.Og mycelium of oligosporafYoblc-lh). 
The test variety was inoculated with R. reniformis caused significant 
reduction in different growth parameters (viz,plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves) of plant as 
compared to control ,however different inoculum levels (viz., 0.5,1.0,1.5 
and 2.0g) of A. oligospora was inoculated simultaneously with R. 
reniformis, brought down damage to the plant growth parameters.The 
highest inoculum level(2.0g) of A. oligospora shows phyto-toxicity against 
growth parameters of plant (Table-7b). 
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Root-rot fungus, R. solani was inoculated singly with test variety 
caused significant reduction in growth parameters of plants however, R. 
solani was inoculated simultaneously with different inoculum levels(viz, 
0.5,1.0,1.5 and 2.0g) of A. .brought down damage to the different 
growth parameters of plant and more with higher inoculum level of the 
same .The highest inoculum level(2.0g) of A. oligospora, shows phyto-
toxicity against all plant growth parameters(Table-7b). 
The findings emerged from the results that the damage caused by R. 
reniformis was much less as compared to R. solani in the presence of A. 
oligospora. 
In another experiment, the screened variety was inoculated singly 
with R. reniformis caused significant reduction in growth parameters viz, 
plant length,fresh weight, dry weight, pod numbers and chlorophyll cotent 
ofleaves(37.16%;42.00%;50.73%; 45.37% and 47.10%) of plant .However 
,R. solani was inoculated with screened variety reduced significantly all 
growth parameters(viz,plant length-40.54%,fresh weight-54.72%,dry 
weight-70.07%,pod numbers-46.90% and chlorophyll content-58.84%) of 
plant as compared to untreated uninoculated control. Moreover, in 
combined inoculations of R. reniformis and R. solani on lentil caused 
significant reduction in plant length-47.10%,fresh weight-70.49%,dry 
weight-79.90%,pod numbers-73.03%and chlorophyll content-68.92%, 
respectively, as compared to control . It was noted that in combined 
inoculations of the test pathogens caused further damage though, it was 
less than the total sum caused by either of them alone (Table - 7b). 
Significant reduction in all growth parameters of plant was also noted 
when the R. reniformis was inoculated 15 days prior to R. solani (viz., 
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plant length - 42.50%, fresh weight - 55.47%, dry weight - 68.82%, pod 
numbers - 53.00% and chlorophyll content - 58.89%) while, R. solani was 
inoculated 15 days prior to R. reniformis caused significant reduction in 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves (44.67%; 60.12%; 74.50%; 58.50% and 65.14%) respectively, as 
compared to untreated uninoculated control. It showed that the significant 
reduction in all growth parameters was slightly more when, R. solani was 
inoculated 15 days prior to the R. reniformis (Table-7b). 
Arthrobotrys oligospora was inoculated singly with the lentil variety 
caused significant improvement in all growth parameters (viz., plant length 
- 4.44%, fresh weight - 7.36%, dry weight 9.83%, pod numbers - 2.02% 
and chlorohyll content-8.50%) of plant as compared to control. 
Combined inoculations of A. oligospora and R. reniformis on lentil 
brought down damage to some extent in plant length-18.50%, fresh weight 
- 27.64%, dry weight - 36.00%, pod numbers- 26.35% and chlorophyll 
content- 30.70%. However, A. oligospora was inoculated simultaneously 
with R. solani on lentil, restrict the damage in all growth parameters, viz., 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves (28.02%; 46.57%; 55.56%; 38.66% and 45.39%) respectively, of 
lentil variety as compared to untreated uninoculated control. Moreover, R. 
reniformis and R. solani were inoculated simultaneously with A. oligospora, 
restrict significant damage to some extent in plant growth parameters (viz., 
plant length -39.50%, fresh weight- 52.48%, dry weight 52.57%, pod 
numbers- 46.00% and chlorophyll content- 47.04%) of test plant as 
compared to control(Table-7b). 
The R. reniformis was inoculated 15 days prior to A. oligospora caused 
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significant reduction in all growth parameters (viz., plant length - 21.37%, 
fresh weight- 31.13%, dry weight- 38.64%, pod numbers- 29.37% and 
chlorophyll content-36.06%). However, A. oligospora was inoculated 15 
days prior to R. reniformis brought down significant damage in all growth 
parameters (viz., plant length- 17.50%, fresh weight 25.50%, dry weight-
30.45%, pod numbers- 21.50% and chlorophyll content- 27.50%), while 
R. solani was inoculated 15 days prior to A. oligospora caused significant 
reduction in all growth parameters viz., plant length, fresh weight,dry 
weight, pod numbers and chlorophyll content of leaves (32.64%; 47.00%; 
57.80%, 42.24% and 47. 90%) respectively However, A. oligospora was 
inoculated 15 days prior to R. solani, the damage was noted in all growth 
parameters (viz., plant length- 22.38%, fresh weight-38.59%, dry weight-
50.05%, pod numbers- 33.14% and chlorophyll content- 43.00%) of plant 
as compared to untreated uninoculated (control) set (Table - 7b). 
The one thing emerged from the results that the presence of R. solani 
in combination with R. reniformis was more damaging than its absence. 
The highest root-rot index (4.8) was recorded in combined 
inoculations ofR. reniformis and R. solani in the absence of Rhizobium, 
while lowest (2.3) in A. oligospora was inoculated two weeks prior to 
R. solani (Table-7b). 
The final population of nematode was 22500 per pot when R. 
reniformis was inoculated singly, however in combined inoculations, 
multiplication of R. reniformis adversely affected due to A. oligospora 
and R. solani. Highest inhibition in multiplication of nematode (4500) was 
noted where combined inoculations of R. reniformis and R. solani with A. 
oligospora being followed (4672) by oligospora was inoculated 15 days 
139 
prior ^o R. reniformis and minimum (8302) when it was inoculated two 
weeks prior to R. solani (Table - 7b). 
Summary; It was evident from the results that due to reduction in nematode 
population and pathogenic fungi by the application of antagonistic fungi 
viz., Paecilomyces lilacinus, Trichoderma viride, Aspergillus niger, 
Verticilliiim chlamydospormm and Arthrobotrys oligospora, thus improved 
the plant growth and other related parameters. Among all antagonistic fungi, 
Paecilomyces lilacinus improved the plant growth more than that of other 
fungi. 
On the basis of above findings with respect to improvement in different 
parameters and reduction in nematode multiplication, the different 
treatments can be arranged in order of efficiency P. lilacinus > T. viride > 
A. niger > V Chlamydosproium > A. oligospora. 
(4)8.1 .'Effect of neem-seed cake and Paecilomyces lilacinus on different 
parameters of lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the presence of 
Rhizobium. 
The present experiment deals with the effect of neem-seed cake 
and Paecilomyces lilacinus on different parameters of lentil infected 
with reni form nematode, Rotylenchulus reniformis and root - ro t 
fungus, Rhizoctonia solani singly or in combination in presence of 
Rhizobium (Table - 8a). 
It was noted that in untreated control both the test pathogens 
individually or in combination caused significant reduction in plant length, 
fresh as well as dry weight, number of pods, root-nodulation and chlorophyll 
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content of leaves. However, the effect of fungus was found to be greater 
than the nematode but their combined inoculations caused further reduction 
though, it was less than the total sum caused by either of them alone. The 
application of neem-seed cake as well as P. lilacinus brought down 
significant reduction in plant caused by the test pathogens. Multiplication 
of nematode in individual as well as in combined inoculations was adversely 
affected due to the application of various treatments, however it was more 
pronounced in combined inoculations. This may be attributed to the effect 
of different treatments as well as to the antagonism of the fungus. 
In the treated seeds growth parameters were (viz., plant length -
59.50cm, fresh weight-36.37 g, dry weight- 10.00 g, pod numbers- 63.5, 
root -nodulation- 75.7 and chlorophyll content- 2.624 mg/g) in uninoculated 
control. The improvement in growth parameters were (viz., plant length-
38.49%, fresh weight- 66.57%, dry weight- 73.50%, pod numbers- 39.40%, 
root-nodulation- 47.33% and chlorophyll content- 50.83%) in the presence 
of neem-seed cake.The reduction in all growth parameters of lentil due to 
nematode alone (plant length- 9.50%, fresh weight- 13.64%, dry weight-
18.72%, pod numbers -11.30%, root-nodulation- 18.03% and chlorophyll 
content- 15.32%), fungus alone (plant length- 10.47%, fresh weight-
15.36%, dry weight- 21.62%, pod numbers- 14.43%, root-nodulation-
21.58% and chlorophyll content- 17.94%) and nematode +fungus were 
(plant length- 18.33%, fresh weight- 24.94%, dry weight- 30.62%, pod 
numbers- 20.57%, root-nodulation-32.40% and chlorophyll content-
25.36%) in the presence of neem-seed cake (Table-8a). 
Significant reduction was noted in all growth parameters due to R. 
reniformis was inoculated 15 days prior to R. solani (plant length-13.55%, 
142 
fresh weight- 15.72%, dry weight- 20.60%, pod numbers- 15.05%, root-
nodulation- 23.50% and chlorophyll content- 17.54%) while, R. solani was 
inoculated 15 days prior to R. reniformis caused significant reduction in 
all growth parameters (viz., plant length- 15.40%, fresh weight-19.00%, 
dry weight- 26.99%, pod numbers- 17.00%, root- nodulation- 27.04% and 
chlorophyll content- 21.47%) of lentil variety in the presence of neem-
seed cake (Table -8a). 
The greatest improvement in all growth parameters viz., plant length, 
fresh weight, dry weight, pod numbers, root- nodulation and chlorophyll 
content of leaves (46.83%; 77.94%; 84.90%; 51.29%; 60.58% and 
63.50%)respectively, was noted when P. Ulacinus was inoculated on test 
variety in the presence of neem-seed cake. Here in these cases significant 
reduction in growth parameters (viz., plant length, fresh weight, dry weight, 
pod numbers, root-nodulation and chlorophyll content of leaves) due to 
nematode alone (1.32%; 4.83%; 9.60%; 3.31%; 9.73% and 5.70%) 
respectively, fungus alone (3.87%; 8.47%; 14.50%; 10.74%; 15.90% and 
11.42%)respectively, and nematode + fungus were (10.30%; 13.50%; 
17.54%; 12.43%; 20.54% and 14.78%) respectively (Table-8a). 
Significant reduction was also noted in growth parameters viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) due to R. reniformis was inoculated 15 days 
prior to R Ulacinus and neem-seed cake (3.50%; 6.74%; 11.12%; 7.50%; 
11.50% and 8.40%) P. Ulacinus was inoculated 15 days prior to R. reniformis 
and neem-seed cake (3.40%; 5.33%; 9.43%; 4.05%; 9.55% and 7.00%) 
respectively, as compard to variety treated with neem-seed cake. However, 
R. solani was inoculated 15 days prior to P. Ulacinus and neem-seed cake 
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caused significant reduction in growth parameters viz., plant length, fresh 
weight, dry weight, pod numbers, root-nodulation and chlorophyll content 
of leaves (10.00%; 13.07%; 16.49%; 12.31%; 17.30% and 14.88%) 
respectively, while P. lilacinus was inoculated 15 days prior to R. solani 
and neem-seed cake also caused significant reduction in all growth 
parameters (viz., 6.40%; 10.50%; 13.64%; 8.45%; 14.04% and 11.56%) 
respectively, as compared to plant treated with neem-seed cake only(Table-
8a). 
As a result of the application of neem-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+NC (977) followed by Rr+Pl+NC (1030), PI two weeks prior to 
Rr+NC (1102), Rr 15 days prior to Pl+NC (1358), Rs 15 days prior to 
Rr+NC (2010), Rr+Rs+NC (2237), Rr 15 days prior to Rs+NC (2564) and 
Rr+NC (3215). The inhibition in multiplication rate was more pronounced 
when fungus was also present (Table-8a). 
The highest root-rot index (1.9) was recorded in combined inoculations 
of both the test pathogens with neem-seed cake, while lowest (0.3) in R. 
solani was inoculated with P. lilacinus and neem-seed cake(Table-8a). 
(4)8.2:Effect of neem-seed cake and Paedlomyces lilacinus on different 
parameters of \ent\\(Lens culinaris) variety DPL -47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence of 
Rhizobium. 
This experiment was conducted simultaneously with the other 
experiment (4.8.1), where seeds were bacterized before sowing, and then 
the fungus and the nematode were inoculated to the plants under same 
144 
conditions. In the absence of Rhizobium, it was observed that there was an 
overall reduction in plant length and weight (fresh and dry), pod numbers 
and chlorophyll content of leaves of lentil even after application of neem-
seed cake and P. lilacinus as compared to those plants which were raised 
from bacterized seeds. Moreover, the test pathogens caused comparatively 
more damage to the plants. The multiplication of nematode was found to 
be more than that in presence of Rhizobium. The efficiency of neem-seed 
cake and R lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than the nematode 
but further reduction was noted in their combined inoculations, though it 
was less than the total sum caused by either of them alone. The application 
of neem-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control, significant reduction was noted in 
the multiplication of nematode due to the application of neem-seed cake 
and P. lilacinus in individual and in combined inoculations. The antagonistic 
behaviour of the fungus may be the one of the factor other than the inhibitory 
effect of different treatments in the multiplication of nematode. 
In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves of test plant 
were (55.72cm, 29.50g, 7.50g, 53.6 and 2.086 mg/g) respectively, in 
uninoculated control. The improvement in growth parameters were( 34.73%; 
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60.49%; 68.12%; 35.94% and 46.85%) respectively, in neem-seed cake 
treatment. The reduction in all growth parameters of lentil due to nematode 
alone (10.62%; 15.50%; 18.90%; 12.80% and 16.58%) respectively, fungus 
alone (12.67%; 18.37%; 24.40%; 17.53% and 20.14%) respectively, and 
nematode + fungus were (18.66%; 25.39%; 32.40%; 22.58% and 26.14%) 
respectively, in the presence of neem-seed cake (Table-8b). 
Significant reduction was also noted in all growth parameters viz., 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves due to R. reniformis was inoculated 15 days prior to R. solani 
(14.00%; 16.06%; 21.35%; 15.66% and 18.22%) respectively, while R. 
solani was inoculated two weeks prior to R. reniformis caused significant 
reduction in all growth parameters (16.13%; 20.36%; 28.12%; 18.09% and 
22.61%) respectively, of test variety in the presence of neem-seed cake 
(Table-8b). 
The greatest improvement in all growth parameters of plant viz.,length, 
fresh weight, dry weight, pod numbers and chlorophyll content of leaves 
(41.50%; 70.40%; 74.88%; 47.66% and 57.70%)respectively, was noted 
when P. lilacinus was inoculated on test variety in the presence of neem-
seed cake. Here in these cases significant reduction in growth parameters 
due to nematode alone (2.02%; 5.22%; 10.00%; 4.27% and 6.33%) 
respectively, fungus alone (4.00%; 9.50%; 15.88%; 11.66% and 12.59%) 
respectively, and nematode + fungus were (11.50%; 13.67%; 18.50%; 
13.64% and 16.20%) respectively (Table-8b). 
Significant reduction was also noted in growth parameters (viz, plant 
length, fresh weight ,dry weight, pod numbers and chlorophyll content of 
leaves) of plant due to R. reniformis was inoculated two weeks prior to R 
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lilacinus and neem- seed cake (3.89%;7.00%;12.54%;8.37% and 
8.95%)respectively, while P. lilacinus was inoculated two weeks prior to 
nematode the reduction in growth parameters was (3.44%; 5.66%; 9.58%; 
4.57% and 7.20%) respectively, as compared to variety treated with neem-
seed cake only. However, R. solani was inoculated 15 days prior to P. 
lilacinus and neem- seed cake caused significant reduction in growth parameters 
(viz., plant length-10.47%,fresh weight-13.52%,diy weight-17.00%, pod 
numbers-12.60% and chlorophyll content-15.07%) of plant while, P. lilacinus 
was inoculated 15days prior to them caused significant reduction in all 
parameters of plant (6.51%; 11.00%; 14.10%; 8.70% and 12.00%) respectively, 
as compared to plant treated with neem- seed cake only (Table-8b). 
As a result of the application of neem-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+NC(1207), followed by Rr+Pl+NC(1349),Pl two weeks prior 
to Rr+NC(1428),Rr two weeks prior to P1+NC(1638), Rs two weeks prior 
to Rr+NC(2355), Rr+Rs+NC(2557), Rr two weeks prior to Rs+NC(2892) 
and Rr+NC(3776).The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-8b). 
The highest root-rot index (2.2) was recorded when in combined 
inocu la t ions of both the test pathogens with neem-seed cake 
while,lowest(0.5) in R. solani was inoculated with R lilacinus and neem-
seed cake fTable-8b). 
(4)9.1 rEffect of castor-seed cake and Paecilomyces lilacinus on different 
parameters of IentiI(Ie«s culinaris) variety DPL-47 inoculated with 
Rotylmchulus reniformis and/or Rhizoctonia solani in the presence of 
Rhizobium. 
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The present experiment deals with the effect of castor-seed cake and P. 
lilacinus on different growth parameters(viz, plant length, fresh weight 
,dry weight , pod numbers, root- nodulation and chlorophyll content of 
leaves ) of lentil infected with Rotylenchulus reniformis and Rhizoctonia 
solani in the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant .However, the effect of fungus ,R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of castor-seed cake as well as P. 
lilacinus brought down significant reduction in plant growth parameters 
caused by the test pathogens .Multiplication of nematode in individual as 
well as in combined inoculations was adversely affected due to the 
application of various tratments, however it was more pronounced in 
combined inoculations.This may be attributed to the effect of different 
treatments as well as to the antagonism of the fungus. 
In the treated seeds growth parameters were(viz, plant length-59.50cm, 
fresh weight-36.37g ,dry weight-lO.OOg, pod numbers-63.5,root-nodulation-
75.5, and chlorophyll content-2.624mg/g ) in uninoculated control.The 
improvement in growth parameters were(viz, plant length-35.72%, fresh 
weight-61.56%,dry weight-68.17%, podnumbers-34.93%, root-nodulation-
44.49% and chlorophyll content 45.46%) in plant treated with castor-seed 
cake. The significant reduction in all growth parameters of lentil due to 
nematode alone (viz, plant length-11.59%, fresh weight-15.26% ,dry weight-
20.42%, pod numbers-13.54%, root-nodulation- 20.49% and chlorophyll 
content-17.74%), fungus alone (12.12%; 18.24%; 24.51%; 16.64%; 24.66% 
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and 20.38%) respectively, and nematode + fungus were (20.94%; 26.77%; 
33.12%; 23.15%; 34.89% and 27.96%) respectively, in the presence of 
castor-seed cake (Table -9a). 
Significant reduction was noted in all growth parameters due to R. 
rertiformis was inoculated 15 days prior to R. solani (plant length -15.83%, 
fresh weight- 18.34%, dry weight- 23.90%, pod numbers- 17.50%, root-
nodulation- 25.08% and chlorophyll content 19.21%) while, R. solani was 
inoculated 15 days prior to R. rertiformis caused significant reduction in 
all growth parameters (17.93%; 21.75%; 27.55%; 19.48%; 28.10% and 
24,00%) respectively, of lentil variety in the presence of castor-seed cake. 
The reduction in growth parameters due to fungus was more as compared 
to the nematode in the same treatment (Table -9a). 
The greatest improvement in all growth paiameters of plant viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves (43.56%; 69.66%; 73.38%; 49.14%; 56.57% 
and 57.60%)respectively, was noted when R lilacinus was inoculated on 
test plant with castor-seed cake. Here in these cases significant reduction 
in all growth parameters due to nematode alone (1.50%; 6.85%%; 10.07%; 
4.80%; 10.23% and 6.20%) respectively, fungus alone (5.50%; 10.93%; 
17.60%; 13.56%; 17.90% and 14.47%) respectively, and nematode + fungus 
were (12.57%; 15.58%; 19.87%; 14.47%; 22.63% and 16.31%) respectively, 
as compared to variety treated with castor- seed cake (Table- 9a). 
Significant reduction was also noted in growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) due to R. reniformis was inoculated two 
weeks prior to P. lilacinus and castor-seed cake (4.87%; 8.37%; 13.16%; 
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9.72%; 14.00%and 10.30%) respectively, while/! lilacinus was inoculated 
two weeks prior to R. reniformis and castor-seed cake (4.00%; 7.19%; 
10.60%; 7.23%; 10.54% and 8.90%) respectively, as compared to plant 
treated with castor-seed cake. However, R. solani was inoculated 15 days 
prior to R lilacinus and castor-seed cake caused significant reduction in all 
growth parameters (12.37%; 16.40%; 19.66%; 14.48%; 19.80% and 
17.88%) respectively, while P. lilacinus was inoculated 15 days prior to R. 
solani and castor-seed cake also caused significant reduction in all growth 
parameters (8.44%; 14.59%; 16.42%; 11.50%; 16.79% and 13.97%) respectively, 
as compared to plant treated with castor-seed cake only (Table -9a). 
As a result of the application of castor-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+CC(1300),followed by Rr+Pl+CC(1280), PI two weeks prior 
to Rr+CC (1300),Rr 15 days prior to Pl+CC (1620), Rs 15 days prior to 
Rr+CC (2112), Rr + Rs+CC (2340), Rr 15 days prior to Rs+CC (2750), 
and Rr+CC (3528).The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table -9a). 
The highest root-rot index (2.1) was recorded when both the test 
pathogens were inoculated concomitantly with castor-seed cake, while 
lowest (0.4) in combined inoculations oiR. solani with P. lilacinus in the 
presence of castor-seed cake (Table-9a). 
(4)9.2:Effect of castor-seed cake and R lilacinus on different parameters 
of lentil {Lens culinaris) variety DPL-47 inoculated with Rotylenchulus 
reniformis and/or Rhizoctonia solani in the absence of Rhizobium. 
This experiment was conducted simultaneously with the other 
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experiment (4.9.1), where seeds were bacterized before sowing, and then 
the fungus and the nematode were inoculated to the plants under same 
conditions. In the absence of Rhizobium, it was observed that there was an 
overall reduction in plant length, fresh weight, dry weight, pod numbers 
and chlorophyll content of leaves of lentil even after application of castor-
seed cake and P. lilacinus as compared to those plants which were raised 
from bacterized seeds. Moreover, the test pathogens caused comparatively 
more damage to the plants. The multiplication of nematode was found to 
be more than that in presence of Rhizobium. The efficiency of castor-seed 
cake and P. lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than the nematode 
but further reduction was noted in their combined inoculations, though it 
was less than the total sum caused by either of them alone. The application 
of castor-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to the application of castor-seed 
cake and P. lilacinus in individual and in combined inoculations. The 
antagonistic behaviour of the fungus may be the one of the factor other 
than the inhibitory effect of different treatments in the multiplication of 
nematode. 
In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves, of plants were 
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(55.72 cm, 29.50g, 7.50g, 53.6 and2.086 mg/g) respectively, in uninoculated 
control. The improvement of growth parameters was (32.50%; 58.61%; 
64.50%; 33.70% and 44.00% )respectively, in castor seed-cake treated 
variety. The reduction in all growth parameters of lentil due to nematode 
alone (12.50%; 16.80%; 20.00%; 14.33% and 18.19%) respectively, fungus 
alone (12.80%; 18.70%; 25.00%; 18.33% and 21.00%) respectively, and 
nematode + fungus were (20.02%; 27.36%; 34.16%; 24.50% and 27.70%) 
respectively, in the presence of castor-seed cake (Table- 9b). 
Significant reduction was noted in all growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves) due to R. renifomis was inoculated two weeks prior to R. soJani 
(15.34%; 18.61%; 23.69%;17.88% and 20.19%) respectively, while R. 
solani was inoculated two weeks prior to nematode caused significant 
reduction in all growth parameters (17.67%; 22.60%; 30.07%; 19.99% and 
24.00%) respectively, of test variety in the presence of castor-seed cake 
(Table- 9b). 
The greatest improvement in all growth parameters of plant viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves (38.66%;67.53%; 71.57%; 44.88% and 54.36%) respectively, was 
noted when R lilacinus was inoculated on test plant in the presence of 
castor-seed cake. Here in these cases significant reduction in all growth 
parameters due to nematode alone (2.44%; 5.57%; 10.23%; 5.00% and 
6.87%) respectively, fungus alone (5.56%; 11.00%; 18.00%; 12.67% and 
13.36%)respectively, and nematode + fungus were (12.60%; 15.05%; 
19.72%; 14.79% and 18.00%) respectively, as compared to test plant treated 
with castor-seed cake (Table-9b). 
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Significant reduction was also noted in different growth parameters 
(viz., plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves) of plant due to R. reniformis was inoculated two weeks 
prior to P. lilacinus and castor-seed cake (4.00%; 8.26%; 14.22%; 9.38% 
and 10.00%) respectively, while P. lilacinus was inoculated two weeks 
prior to nematode, caused reduction in different growth parameters (3.87%; 
6.38%; 10.39%; 6.00% and 8.55%) respectively, as compared to plant 
treated with castor-seed cake. However, R. solani was inoculated 15 days 
prior to P. lilacinus and castor-seed cake caused significant reduction in 
growth parameters (11.50%; 15.57%; 19.38%; 14.32% ad 17.66%) 
respectively, while in case of P. lilacinus was inoculated 15 days prior to 
R. solani and castor-seed cake the reduction was recorded in all growth 
parameters (7.97%; 13.58%; 16.72%; 9.69% and 14.47%)respectively, of 
lentil as compared to plant treated with castor-seed cake (Table-9b). 
As a result of the application of castor-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+CC ( 9113) followed by Rr+Pl+CC (1495), PI two weeks prior 
to Rr+CC (1671), Rr two weeks prior to PI +CC (1901), Rs two weeks 
prior to Rr+CC (2456), Rr+Rs+CC (2645), Rr 15 days prior to Rs+CC 
(3087) and Rr+CC(4l36). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-9b). 
The highest root-rot index(2.4) was recorded, when in combined 
inoculations of both the test pathogens with castor-seed cake, while lowest 
(0.7) in R. solani was inoculated with P. lilacinus and castor-seed cake 
(Table-9b). 
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(4) 10.1:Effect of mahua-seed cake and Paecilomyces lilacinus on 
different growth parameters of lentil {Lens culinaris) variety DPL-47 
inoculated with Rotylenchulus reniformis and/or Rhizoctonia solani in 
the presence of Rhizobium. 
The present experiment deals with the effect of mahua-seed cake and 
Paecilomyces lilacinus on different growth parameters (viz., plant length, 
fresh as well as dry weight, pod numbers, root- nodulation and chlorophyll 
content of leaves) of lentil infected with Rotylenchulus reniformis and 
Rhizoctonia solani in the presence oiRhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungus, R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of mahua-seed cake as well as P. 
lilacinus brought down significant reduction in plant growth parameters 
caused by the test pathogens. Multiplication of nematode in individual as 
well as in combined inoculations was adversely affected due to the 
application of various treatments, however it was more pronounced in 
combined inoculations. This may be attributed to the effect of different 
treatments as well as to the antagonism of the fungus. 
In the treated seeds growth parameters were (viz., plant length -
59.50cm, fresh weight- 36.37 g, dry weight- 10.00 g, pod numbers- 63.5, 
root-nodulation- 75.7 and chlorophyll content- 2.624 mg/g) in uninoculated 
control. The improvement in growth parameters were (viz., plant length -
33.57%, fresh weight- 57.82%, dry weight- 64.50%, pod numbers- 32.80%, 
root-nodulation- 42.00% and chlorophyll content- 42.12%), in mahua-seed 
157 
B E 
C 3 
« 2 
0 N 
W ^ 
1 ° 
1 S (0 c 
Q . a) 
c 2 
2 a 
O 
<5 <5 
c "S 
to .52 
5 c 
<0 S o u 0 o 
1 ^ 
I o 
<B -O 
•O " C Ml « £ 
0) c 
>2 
o e 
-D £ 0) 
T 2 a 3 3 « 
^ i 
O t 
•5 a: 
0> £ 
!t= *i 
lU 5 
w <u 
T- jO 
0) 3 
I I 
o: 
a 
a 
It 
CK 
1 
o z 
•o 5 
S' „ 
I § 
e 
o _ 
o cc 
o in <o CO cn 
CM o O CM CM 
^ 
CO 
CM 
CO 
CO 
o 
CO 
o 
to 
<n 
T 
Oi 
<r 
CO 
CM 
o o o o o O o O 
• • CO 
o 
o ^ ' 
CO 
o 
a> 
(O 
in 
CM 
C3) 
a> 
CM 
in 
CM 
CM 
CM 
CO ^ 
CM 
CM 
in 
O 
o 
Oi 
CO 
O 
lO 
CO 
CO 
o 
CO o 
CM 
CM 
o 
CO 
CM 
CO 
O 
o 
T 
r r 
O 
CO 
CM o> 
to 
CM 
+ 
CM 
lO 
•t-
CO 
CM 
CM r -
CM 
o 
CM 
i n CM CO 
CM 
o 
CM 
h -
CM 
O) 
CM 
r -
CO 
Tf 
CM 
N- IT) <M r J CM o 
^ CO o O O CO O i n to 
CO 
04 
i n 
UO 
r^ 
r^ 
o 
CM 
CO O) 
00 
h -
to 
eo a> O) 
CM 
CO 
to 
CO 
CO 
r--
to r -
to OO ^ 
o 
CO 
CO Oi CO 
o 
lO 
fO 
in 
t r 
<o <o 
CO 
TT 
CO t3) 
m 
m 
<o 
o 
<n to 
CM 
CO + 
m 
+ 
r— 
T 
CO to CM Oi CM 
i n to 
m CO CM in _ i n i n r - CM CM h - r - V- oo CO cn i n 
to CO fO 
to CO cn 
o 
CO 
o> 
to r -
h - o CO f--
to 
to 
to 
r-i 
to 
o 
CM 
<o 
CM 
(D 
o 
o 
CO - to CM 
CO 
to 
i n 
^ 
O) 
o 
CO 
o 
o 
CM 
"tr 
CO 
iO 
O 
<N 
CO fO to CM O CD CM CM 
i n o 
CO 
o 
CM 
+ -f ' ' ' ' ' ' 
t r 
CM 
<D 
o> 
CM 
CM 
CO 
o 
O 
(O 
OS 
CO 
lO 
to 
CO 
CO 
CM 
CO 
in 
CM 
T ^ 
CO 
o 
o 
o 
o 
to 
o 
o> 
r -
CO 
OJ 
Oi 
h -
o 
to CT> 04 
to 
CO 
CM fO CN CO r-j CO CO to CO CO CM CM CM Oi o o 
to 
CM 
o> 
CO 
CO 
CO 
OJ 
in 
o CM o 
rt 
O 
00 o 
CO 
t3) 
i n 
o 
o 
CO 
o 
to 
o 
m 
CO 
<3> 
CM 
Oi 
i n 
o 
O T- ^ O O 
CD 
o> 
to 
ro o> 
o 
<o Oi 
o 
(M 
CM 
i n 
GO 
CM 
O 
m 
o to r r 
o> 
o 
CO 
o> 
CO 
to 
oo 
o 
oo 
o> 
CO 
to 
to 
CM 
CJ) 
CJ ^ CJ CM CM ^ 
o 
If) 
CO 
O) 
Q 
CO 
03 
CM 
o 
o CM 
in 
m 
O CM -a-
to 
o r r 
O) 
CM 
to 
CO 
^ to CO CO Cvj 
CM to 
CM 
O CM CM 
CM 
t3> CO 
CM 
' 
to 
CO 
04 
04 
+ + « ' ' ' ' ' ' 
o 
o 
m O) 
CO 
CM 
to 
CO 
'a-
to 
CJ> 
to 
-tr CO 
CM 
CM 
O) 
TT 
Oi 
to 
CO 
TT 00 
0 
01 
o 
CM 
o CO CM Tj- CJ CO CO CM CO CM ^ o OJ o 
CM 
00 
i/> 
<D 
0 
01 tn 
co 
o •ej- h -
m 
CTI 
OP 
o 
CM 
to h -
CO 
i n 
o 
CO 
i n 
Oi 
OJ 
to 
CM CO CO CO CO 00 CO CO CO CM CO 
CO a> o 
O) CO <0 O) CO CJ) 
^ ^ O) CO ^ 
O) O) CO 03 N- Oi 
3 c o 
CM 
CO 
o 
N-
to o CO m r - o o o 
o> CM 
CO 
h -co V to o cn CO 
•O 
a> o m 
m (O eo 
Oi 04 o Oi CO 
CM 
CM 
CM 
CO 
CM 
CO 
£ 
^ 
15 
CO 
o 
r r 
+ 
r-. 
CM 
CO o CO o CM CM CO CM 
to to CM o to to in 
CO O 
00 CO 
rj-
Oi 
in 
CM 
x: 
is to 
CO 
h-in o to ^ CO in 
to o in i n CM in (O •d- h-
m o to "T CO in 
o m o CO 
m 
h -
•sr 
CM 
CO T T in CM CO CO m CD Oi CO CO o 
h-co 
O. 
o 
or CO CM CO o - O ^ ^ - o o Oi 
Oi Oi o 
O CM CO <o CO Oi CM to 
CO 
CO 
CO 
Oi 
m CM 
CM 
CO in CO CM CO o in h- lO o -C 
<0 
00 
CM 
"sr xr <o to CO 
m 
CO 
Oi co O o to <o r-CO 
in 
CO 
'tj-
CO 00 
to 
CO 
CO - - <0 CO lO 
o in 
<7) CO (O CM tr> o o CO Oi at O to to lO CO o CO to ^ to 
Oi 
m s CO CO 00 <o r- . 00 to in in CO CO m (O rj-co <o N. to 
CM 
in 
h -
CM CM 
CM 
CO 
CM o 
Oi 
Oi 
CO CO in 
in 
o o CM 
o 
CO cn Oi 
Oi in 
CM CM 
04 in CM CO r r T CM CO o Oi CM CM CM CM CM CM CM CM CM CM CM ^ 
CO 
CM 
CM h -in to CO 
CO 
to 
in 
o 
to 
o o> 
CO 
CM 
in 
o 
h -
O 
to 
CO 
Oi 
CO 
o 
r>~ 
to 
r -
o CO to to CM to o o to CO CO Tt 
y i n 
i n i n T i n i n i n i n 
o 
o 5 
o o o o s s 
o s Q-I 
o 
O 
5 
o 
5 
o 
5 
+ + + 
U1 
tr 
1 
& 
1 & + 
S. 
CA 
a. a 
o o 
i! 
o a o o 
00 
I . ? 
S O) _ 
^ I 
II 0 -(J _!. 
I § 8 7= ^ f 
s 
s o 
•c o K S II 
Q. CK K i 
D 
O 
cake treated plant. The significant reduction in all growth parameters of 
lentil due to nematode alone (13.70%; 18.06; 23.30%; 15.19%; 23.50% 
and 20.62%) respectively, fungus alone (14.28%; 19.47%; 26.00%; 17.53%; 
27.30% and 23.18%)respectively, and nematode + fungus were (22.37%; 
28.90%; 36.62%; 25.50%; 37.42% and 30.00%) respectively, in the 
presence of mahua- seed cake (Table-10a). 
Significant reduction was noted in all growth parameters due to R. 
reniformis was inoculated 15 days prior to R. solani (plant length-17.41%, 
fresh weight- 21.37%, diy weight- 24.10%, pod numbers- 19.65%, root-
nodulation- 27.44% and chlorophyll content- 22.80%) while, R. solani was 
inoculated 15 days prior to R. reniformis, the significant reduction was 
recorded in all growth parameters viz., plant length, fresh weight, dry 
weight, pod numbers, root-nodulation and chlorohyll content of leaves 
(19.23%; 22.64%; 28.94%; 21.57%; 29.30% and 25.12%) respectively, of 
lentil variety in the presence of mahua-seed cake (Table-10a). 
The greatest improvement in all growth parameters of plant viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves (40.66%; 65.70%; 73.93%; 45.13%; 52.39% 
and 53.67%) respectively, when R lilacinus was inoculated on test plant 
with mahua-seed cake. Here in these cases significant reduction in all growth 
parameters due to nematode alone (2.02%; 7.53%; 12.28%; 5.03%; 12.33% 
and 8.00%) respectively, fungus alone (6.82%; 12.40%; 19.24%; 11.64%; 
20.04% and 16.11%) respectively, and nematode+fungus were (14.82%; 
18.43%; 22.13%; 16.64%; 24.69% and 20.17%) respectively, as compared 
to mahua- seed cake treated variety(Table- 10a). 
Significant reduction was also noted in growth parameters of lentil 
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due to R. reniformis was inoculated 15 days prior to P. lilacinus and mahua-
seed cake (plant length- 5.12%, fresh weight-10.00%, dry weight- 15.15%, 
pod numbers- 11.37%, root-nodulation- 15.22% and chlorophyll content-
12.76%) while, P. lilacinus was inoculated 15 days prior to R. reniformis 
and mahua-seed cake, the significant reduction was noted in all growth 
parameters (viz., plant length- 4.60%, fresh weight- 9.19%, dry weight-
12.10%, pod numbers- 8.48%, root-nodulation- 12.30% and chlorophyll 
content- 10.32%). However, R. solani was inoculated 15 days prior to P. 
lilacinus and mahua-seed cake caused significant reduction in all growth 
parameters (14.13%; 18.82%; 22.12%; 16.73%; 23.32% and 19.56%) 
respectively, while P. lilacinus was inoculated 15 days prior to R. solani 
and mahua-seed-cake the significant reduction was noted in all growth 
parameters (10.52%; 17.14%; 19.64%; 12.59%; 20.00% and 17.94%) 
respectively, as compared to plant treated with mahua-seed cake only (Table-
10a). 
As a result of the application of mahua-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+MC (1152) followed by Rr+Pl+MC (1400), PI two weeks 
prior+Rr+MC (1516), Rr two weeks prior to Pl+MC (1908), Rs two weeks 
prior to Rr+MC (2225), Rr+Rs+MC (2448), Rr two weeks prior to Rs+MC 
(2992) and Rr+MC (3841). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table -10a). 
The highest root-rot index (2.4) was recorded when in combined 
inoculations of both the test pathogens with mahua-seed cake, while lowest 
(0.5) in R. solani was inoculated with P. lilacinus and mahua-seed cake 
(Table-lOa). 
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(4)10.2:Effect of mahua-seed cake and P. lilacinus on different 
parameters of lentil {Lens cuUnaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence of 
Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.10.1) where seeds were bacterized before sowing, and then the fungus 
and the nematode were inoculated to the plants under same conditions. In 
the absence of Rhizobium, it was observed that there was an overall 
reduction in plant length, fresh weight, dry weight, pod numbers and 
chlorophyll content of leaves of lentil even after application of mahua-
seed cake and P. lilacinus as compared to those plants which were raised 
from bacterized seeds. Moreover, the test pathogens caused comparatively 
more damage to the plants. The multiplication of nematode was found to 
be more than that in the presence of Rhizobium. The efficiency of mahua-
seed cake and P. lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than the nematode 
but further reduction was noted in their combined inoculations though, it 
was less than the total sum caused by either of them alone. The application 
of mahua-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh as well dry weight, pod numbers and chlorophyll content of 
leaves, as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to the application of mahua-seed 
cake and P. lilacinus in individual and in combined inoculations. The 
161 
t ; X 
I 
Q. 
2 S 
E 3 « 
O .N 
cc 
0) o c <u (A n (0 
o £ 
c 
•2 0 <0 
1 o 
.§ 
q: 
TJ C re 
I £ 
SI 
<0 3 
3 
o c 
s 
o 
QC 
£ 
•o 
Si re 
3 U o c 
e & 
E 
C 
E 
Q-
D1 0) 
SS 
£ o 
o 
o 
xz 03 
£ S 
a- a: 
•r- C4 <£) 
r j CO O) CO 
<0 <D CN 
CN CJ 03 
o o 
CO in CN 
<0 CO O) 
CO O) 00 in 
<D o> »n 00 in O) 
1/3 O) 
m (£) CO 
CO c^ 
o 
i n 
o> 
o) »n CO 
T- tn 
^ CO 
^ C O C 0 < D O ) h - ' - 0 0 
r ^ c o ^ c o o » - i n o > 
C N j i n r ^ c o < o c o o ^ 
c ^ c o c o r ^ c o c j c o c o 
TT to CO o CO CO o 
o CD CO 
CO CO 
+ + 
<J> CD ^ h-. CO CO 
tr> <M o h- <o h-
in co CM O) o o> CO CO 
CM 04 00 r-CM CM fM 
eo CM <M r-- CO CO CM o CM r> Oi 
tr- 00 
o 
C3 jQ ^ ^ 
< i ? i n « - e o t D c o o > - r - h ~ 
< o o < o c o < o c o o c o t n 
i p r - - r - . i n < D i n < D < o < D 
^ ^ <n 
C M C N C 0 C M C N C ^ C M O 4 C M 
OS 
m 
o> 
CO 0> 'T- <N CO - -
i n OD 0> CD 
(N to 
O) CO O) o> o> 
- - c^ c^ 
CM CO m 
CO in CO 
CM in r-
CO CM CM 
CO TT O CD CM CO 
o CD in CM in 
(O CM O CM r- CO 
CM CM CM 
CM CO CO CO CO CO 
O} CD T CO in CD lO in in in 
O) O a> CO CM 
CO CO CO o •»— 
O) CD <N CD o O 
CM CM CO CM 
CO r--
a> co CO r-- co 
CO CM o CO 
CM CM CM CM CM CM 
to CD r- ai ^ a> 
CO m o r- in CM 
CD CO CD m m CD 
o o o o o o 
CO in o C^i CM CO in CO o CM CO 
CO CO CD m 
^ — ^ ^ 
o CD o o 
00 CO o TT CO 
CO CD CO CD CM 
CM CM CO CO CM 
O CO CD CM o CO 
CD CD O CM CO in 
O) <33 o> CO O) 
o CO CO o o CO 
C7) CO o 
CN CM ^ CM 
o O 00 CM o in m 00 o 
h- h- CD CD 
CM O o 
o CM CO O a> CO 
in ^ in o> r-
CM CM CM 
CM in h- CO CO o 
o 00 O CO » - C7) 
CO CO CO CM 
CO CO CO CO CO co 
CM ^ r-- 00 h- CD 
r- 03 CM CO co CO 
CO 00 CO t-- t-- CO 
o ^ o o co ^ 
CO Oi 00 in fo- CM 
a> O} r^  to TT OJ 
CM CM CM CM CM CM 
CO o O CD a> O <o CM o CO m 
CM O) O) CO 
CM 
CN CD O) CM fs. m o 
CO O) O) CO <D 00 m csj CO 
< 0 C D C 0 C 0 C D C D < 0 i n i n < 0 
o o o o ^ o > o c o t ^ < D 
U 5 
J 
•a 
y O o o y o u ± 
CL CL a: 01 ct 
K 
,1 M il J. 
Q. I 1 ? & a: I (A u. >-Q: CK a Q: 
o o 
il il 
Q Q 
O U 
S <o I 
E n 
t i fi 
O 4> 5 
§ 1 1 „« q: a: 
_ w « CL q: a; 
S o 
Q o 
antagonistic behaviour of the fungus may be the one of the factor other 
than the inhibitory effect of different treatments in the multiplication of 
nematode. 
In the treated seeds growth parameters (viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves) of plants were 
(55.72 cm, 29.50 g, 7.50 g, 53.6 and 2.086 mg/g) respectively, in 
uninoculated control. The improvement in growth parameters (30.64%; 
55.40%; 63.60%; 31.56% and 42.04%) respectively, in mahua-seed cake 
treated variety. The reduction in all growth parameters of lentil due to 
nematode alone (14.63%; 18.32%; 22.00%; 16.63% and 20.16%) 
respectively, fungus alone (14.14%; 20.46%; 27.07%; 20.20% and 22.66%) 
respectively, and nematode + fungus were (23.19%; 29.90%; 36.40%; 
27.22% and 30.03%) respectively, in the presence of mahua-seed cake 
(Table- 10b). 
Significant reduction was noted in growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves due to R. reniformis was inoculated 15 days prior to R. solani 
(17.00%; 21.32%; 26.16%; 20.10% and 22.81%) respectively, while R. 
solani was inoculated 15 days prior to R. reniformis (19.36%; 25.00%; 
33.00%; 22.56% and 26.39%) respectively, of lentil variety in the presence 
of mahua-seed cake (Table- 10b). 
The greatest improvement in all growth parameters of plant (36.15%; 
64.80%; 69.74%; 42.02% and 52.00%) was noted respectively, when R 
lilacinus was inoculated on test plant in the presence of mahua-seed cake. 
Here in these cases significant reduction in growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
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leaves) due to nematode alone (3.00%; 6.35%; 11.36%; 5.57% and 7.12%) 
respectively, fungus alone (6.50%; 13.63%; 20.03%; 13.56% and 15.00%) 
respectively, and nematode + fungus were (14.50%; 17.33%; 22.34%; 
16.53% and 20.12%) respectively, as compared to lentil treated with mahua-
seed cake only (Table- 10b). 
Significant reduction was also noted in different growth parameters 
(viz. plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves) of plant when R. reniformis was inoculated 15 days 
prior t o / / / a d w ^ ^ and mahua-seed cake (5.15%; 9.50%; 15.52%; 10.50% 
and 11.73%) respectively, while P. lilacinns was inoculated 15 days prior 
toR. ^ / o r w w and mahua-seed cake (4.22%; 8.02%; 11.43%; 6.79% and 
10.00%) respectively. However, R. solani was inoculated 15 days prior to 
P. lilacimis and mahua-seed cake caused significant reduction in all growth 
parameters (12.68%; 17.07%; 21.80%; 16.08% and 19.19%) respectively, 
while P. lilacinus was inoculated 15 days prior to R. solani and mahua-
seed cake (9.20%; 15.24%; 18.67%; 12.64% and 16.60%) respectively, as 
compared to treated with mahua-seed cake (Table- 10b). 
As a result of the application of mahua-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited highest being in 
Rr+Rs+Pl+MC (1415), followed by Rr+Pl+MC (1644), PI two weeks prior 
to Rr+MC (1915), Rr two weeks prior to Pl+MC (2164), Rs two weeks 
prior to Rr+MC (2558), Rr+Rs+MC (2734), Rr 15 days prior to Rs+MC 
(3282) and Rr+MC (4494). The inhibition in multiplication rate was more 
pronounced when fungus was also present(Table- 10b). 
The highest root-rot index (2.5) was recorded when in combined 
inoculations of both the test pathogens with mahua-seed cake, while lowest 
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(0.8) in R. solani was inoculated with R lilacinus and mahua-seed cake 
(Table-10b). 
(4) l l . l :Effect of mustard-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens cuHnaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
The present experiment deals with the effect of mustard-seed cake 
and Paecilomyces lilacinus on different growth parameters viz., plant length, 
fresh weight, dry weight, pod numbers, root-nodulation and chlorophyll 
content of leaves, of lentil infected with Rotylenchulus reniformis and 
Rhizoctonia solani in the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungus, R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of mustard-seed cake as well as P. 
lilacinus brought down significant reduction in plant growth parameters 
caused by the test pathogens. Multiplication of nematode in individual or 
in combined inoculations was adversely affected due to application of 
various treatments, however it was more pronounced in combined 
inoculations. This may be attributed to the effect of different treatments as 
well as to the antagonism of the fungus. 
In the trated seeds growth parameters were (viz., plant length -59.50 
cm, fresh weight -36.37 g, dry weight- 10.00 g, pod numbers- 63.5, root-
nodulation- 75.5, and chlorophyll content- 2.624 mg/g ) in uninoculated 
control. The improvement in plant length- 30.37%, fresh weight- 54.00%, 
165 
dry weight- 60.33%, pod numbers- 32.50%, root- nodulation -39.59% and 
chlorophyll content- 39.21%) due to mustard-seed cake. The significant 
reduction in all growth parameters of lentil due to nematode alone (15.67%, 
20.26%; 25.50%; 21.39%; 26.18% and 23.60%) respectively, fungus alone 
(16.98%; 22.70%; 29.70%; 21.63%; 30.52% and 25.91%) respectively, 
and nematode + fungus were (24.79%; 32.00%; 38.35%; 28.62%; 40.00% 
and 33.67%) respectively in the presence of mustard-seed cake (Table-11a). 
Significant reduction was noted in all growth parameters (viz, plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) due to R. reniformis was inoculated 15 days 
prior to R. solani (19.57%; 24.58%; 27.49%; 23.78%; 29.80% and 25.94%) 
respectively, while R. solani was inoculated 15 days prior to R. reniformis 
(22.50%; 26.75%; 30.94%; 26.00%; 32.33% and 28.73%) respectively, of 
lentil variety with mustard-seed cake (Table- 11a). 
The greatest improvement in all growth parameters of plant viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves (36.92%; 60.74%; 69.65%; 4.36%; 47.04% 
and 50.14%) respectively, when R lilacinus was inoculated on test plant 
with mustard-seed cake. Here in these cases significant reduction in all 
growth parameters due to nematode alone (2.23%; 7.68%; 13.66%; 6.51%; 
13.6% and 8.33%)respectively, fungus alone (7.23%; 14.80%; 22.15%; 
13.56%; 23.73% and 19.00%) respectively, and nematode + fungus were 
(17.00%; 20.44%; 25.05%; 19.31%; 26.25% and 23.40%) respectively, as 
compared to mustard-seed cake treated variety (Table-11a). 
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Significant reduction was also noted in growth parameters of lentil due 
to R. reniformis was inoculated two weeks prior to P. lilacinus and mustard -
seed cake (plant length - 5.50%, fresh weight- 12.22%, dry weight - 17.30%, 
pod numbers- 12.37%, root-nodulation- 17.50% and chlorophyll content-
13.80%) while, P. lilacinus was inoculated two weeks prior to R. reniformis 
and mustard- seed cake (5.00%; 10.34%; 14.00%; 9.39%; 13.54% and 12.53%) 
respectively. However, R. solani was inoculated 15 days prior to P. lilacinus 
and mustard- seed cake caused significant reduction in all growth parameters 
(15.67%; 21.56%; 25.44%; 17.88%; 26.30% and 23.17%) respectively, while 
P. lilacinus was inoculated 15 days prior to R. solani and mustard- seed cake 
(12.56%; 19.35%; 23.07%; 14.34%; 23.29% and 18.50%) respectively, as 
compared to mustard-seed cake treated plant (Table- 11a). 
As a result of the application of mustard-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+MC (1240) followed by Rr+Pl+MC (1582), PI two weeks prior 
to Rr+MC (1710), Rr two weeks prior to Pl+MC (2190), Rs two weeks 
prior to Rr+MC (2336), Rr+Rs+MC (2550), Rr two weeks prior to Rs+MC 
(3190) and Rr+MC (3974). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table- 11a). 
The highest root-rot index (2.6) was recorded in combined inoculations 
of both the test pathogens with mustard-seed cake, while lowest (0.7) in R. 
solani was inoculated with P. lilacinus and mustard-seed cake (Table-1 la). 
(4)11.2:Effect of mustard-seed cake and Paecilomyces lilacinus on 
different growth parameters of lentil (Lens culinaris) variety DPL-47 
inoculated with Rotylenchulus reniformis and/or Rhizoctonia solani in 
the absence of Rhizobium. 
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This experiment was conducted simultaneously with other experiment 
(4.11.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium,it was observed that there was an overall reduction 
in plant length, fresh as well as dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of mustard-seed cake 
and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of nematode was found to be 
more than that in the presence oi Rhizobiiim. The efficiency of mustard-
seed cake and P. lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
weight, dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than the nematode 
but further reduction was noted in their combined inoculations, though, it 
was less than the total sum caused by either of them alone. The application 
of mustard-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves, as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to the application of mustard-seed 
cake and P. lilacinus in individual and in combined inoculations. The 
antagonistic behaviour of the fungus may be one of the factor other than 
the inhibitory effect of different treatments in the multiplication of 
nematode. 
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In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves of plant (55.72 
cm, 29.50 g, 7.50 g, 53.6 and 2,086 mg/g) respectively, in uninoculated 
control. The improvement in all growth parameters (28.62%; 52.80%; 
60.33%; 29.07% and 40.14%) respectively, in mustard-seed cake treated 
variety. The reduction in all growth parameters of lentil due to nematode 
alone (16.32%; 20.20%; 23.30%; 19.18% and 22.50%) respectively, fungus 
alone (16.34%; 22.81%; 30.00%; 23.16% and 24.87%) respectively, and 
nematode+fungus were (25.67%; 32.62%;38.54%; 30.94% and 32.82%) 
respectively, in the presence of mustard-seed cake. The reduction in all 
growth parameters was statistically significant (Table-lib). 
Significant reduction was also noted in all growth parameters (viz., 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves) due to nematode was inoculated 15 days prior to R. solani 
(19.33%; 24.00%; 29.40%; 22.49% and 25.92%) respectively, while, R. 
solani was inoculated 15 days prior to nematode (22.00%; 28.14%; 35.66%; 
25.05% and 29.14%) respectively, as compared to lentil variety treated 
with mustard-seed cake only (Table-lib). 
The greatest improvement in all growth parameters of plant (34.00%; 
61.50%; 65.80%; 39.56% and 50.07%)respectively, when R lilacinus was 
inoculated on test plant in the presence of mustard-seed cake. Here in these 
cases significant reduction in all growth parameters (viz., plant length, 
fresh weight, dry weight, pod numbers and chlorophyll content of leaves) 
due to nematode alone (3.57%; 7.63%; 12.50%; 6.39% and 8.44%) 
respectively, fungus alone(7.25%; 15.20%; 22.51%; 14.56% and 16.73%) 
respectively, and nematode +fungus were (16.52%; 19.51%; 
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24.43%; 18.26% and 22.58%) respectively, as compared to variety treated 
with mustard-seed cake (Table-lib). 
Signif icant reduction was also noted in d i f ferent growth 
parameters(viz., plant length, fresh weight, dry weight, pod numbers and 
chlorophyll content) of lentil due to nematode was inoculated 15 days prior 
to P. lilacinus and mustard seed cake(5.80%; 10.37%; 16.82%; 11.64% 
and 13.26%) respectively, while P. lilacinus was inoculated 15 days prior 
to nematode and mustard-seed cake (4.92%; 9.50%; 12.50%;7.00% and 
11.12%) respectively, however, R. solani was inoculated 15 days prior to 
P lilacinus and mustard-seed cake (13.57%; 17.30%; 23.60%; 18.79% 
and 21.78%) respectively, while P. lilacinus was inoculated 15 days prior 
to R. solani and mustard-seed cake (10.15%; 17.30%; 20.91%-, 14.00% 
and 19.32%) respectively, as compared to lentil variety treated with mustard-
seed cake only (Table-lib). 
As a result of the application of mustard-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+MC (1520) followed by Rr+Pl+MC (1792) PI two weeks prior 
to Rr+MC (2158) Rr two weeks prior to Pl+MC (2427), Rs two weeks 
prior to Rr+MC (2660), Rr+Rs+MC (2822), Rr two weeks Prior to Rs+MC 
(3477) and Rr+MC (4852). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-lib). 
The highest root-rot index (2.7) was recorded in combined inoculations 
of botn the test pathogens with mustard-seed cake, while lowest (0.9) in R. 
solani was inoculated with P. lilacinus and mustard-seed cake (Table-1 lb). 
(4) 12.1:Effect of sesamum-seed cake and Paecilomyces lilacinus on 
different growth parameters of lentil (Lens culinaris) variety DPL-47 
172 
inoculated with Rotylenchulus reniformis and/or Rhizoctonia solani in 
the presence of Rhizobium. 
The present experiment deals with the effect of sesamum-seed cake 
and Paecilomyces lilacinus on different growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) of lentil infected with Rotylenchulus 
reniformis and Rhizoctonia solani in the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungus, R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of sesamum-seed cake as well as P. 
lilacinus brought down significant reduction in plant growth parameters 
caused by the test pathogens. Multiplication of nematode in individual or 
in combined inoculations was adversely affected due to application of 
various treatments. However, it was more pronounced in combined 
inoculations. This may be attributed to the effect of different treatments as 
well as to the antagonism of the fungus. 
In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers, root-nodulation and chlorophyll content of leaves 
(59.50cm, 36.37g, lO.OOg, 63.5, 75.7 and 2.624 mg/g) respectively, in 
uninoculated control. The improvement in growth parameters (26.50%; 
49.54%; 56.32; 29.80%; 36.49% and 35.48%) respectively, in sesamum-
seed cake treated variety. The significant reduction in all growth parameters 
of lentil due to nematode alone( 17.72%; 23.16%; 28.43%; 23.68%; 
28.59% and 26.19%)respectively, fungus alone(I8.22%; 25.10%; 31.34%; 
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23.55%; 32.97% and 27.74%) respectively and nematode+fungus 
were(27.20%; 35.10%; 41.69%; 31.02%; 44.14% and 37.55%) respectively, 
in the presence of sesamum-seed cake(Table-12a). 
Significant reduction was noted in all growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) due to R. reniformis was inoculated 15 days 
prior to R. solani (22.00%; 27.13%; 30.62%; 25.35%; 31.88% and 28.81%) 
respectively, while, R. solani was inoculated 15 days prior to R. reniformis 
(24.50%; 28.30%; 33.13%; 28.01%; 34.70% and 30.66%) respectively, of 
lentil variety with sesamum-seed cake (Table-12a). 
The greatest improvement in all growth parameters of plant viz., 
plant length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves(33.15%; 57.20%; 64.30%; 36.64%; 44.51% 
and 45.70%) respectively, when P. lilacinus was inoculated on test plant 
with sesamum-seed cake .Here in these cases significant reduction in all 
growth parameters due to nematode alone (2.89%; 8.73%; 15.60%; 6.73%; 
15.50% and 9.00%) respectively, fungus alone (8.61%; 17.21%; 23.00%; 
13.90%; 25.29% and 18.15%) respectively, and nematode+fungus were 
(20.00%; 23.17%; 28.53%; 22.40%; 29.76% and 25.70%) respectively, as 
compared to sesamum-seed cake treated variety (Table-12a). 
Significant reduction was also noted in growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) of lentil due to R. reniformis was inoculated 
two weeks prior to P. lilacinus and sesamum-seed cake (6.53%; 14.04%; 
19.01%; 12.23%; 18.62% and 12.80%) respectively, while P. lilacinus 
inoculated two weeks prior to R. reniformis and sesamum-seed cake (5.50%; 
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12.50%; 16.29%; 10.00%; 16.37% and 14.07%) respectively. However, 7?. 
solani was inoculated two weeks prior to P. lilacinus and sesamum-seed 
cake caused significant reduction in all growth parameters (18.02%; 
23.93%; 28.33%; 19.74%; 29.80% and 26.71%) respectively, while P. 
lilacinus was inoculated two weeks prior to R. solani and sesamum-seed 
cake (14.03%; 22.50%; 26.90; 17.00%; 26.14% and 24.08%) respectively, 
as compared to lentil treated with sesamum-seed cake (Table-12a). 
As a result of the application of sesamum-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+SC (1325) followed by Rr+Pl+SC (1747), PI two weeks prior 
to Rr+SC (1940), Rr Two weeks prior to Pl+SC (2458), Rs two weeks 
prior to Rr+SC (2447), Rr+Rs+SC (2658) Rr two weeks prior to Rs+SC 
(3385) and Rr+SC (4287). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-12a). 
The highest root-rot index (2.8) was recorded when in combined 
inoculations of both the test pathogens with sesamum-seed cake, while 
lowest (0.8) in R solani was inoculated with P. lilacinus and sesamum-
seed cake (Table-12a). 
(4)12.2:Effect of sesamum-seed cake and Paecilomyces lilacinus on 
different growth parameters of lentil (Lens culinaris) variety DPL-47 
inoculated with Rotylenchulus reniformis and/or Rhizoctonia solani in 
the absence of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.12.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium it was observed that there was an overall reduction 
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in plant length, fresh as well as dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of sesamum-seed cake 
and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of nematode was found to be 
more than that in the presence of Rhizobiim. The efficiency of sesamum-
seed cake and P. lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be more than the nematode but 
further reduction was noted in their combined inoculations, though, it was 
less than the total sum caused by either of them alone. The application of 
sesamum-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to application of sesamum-seed 
cake and P. lilacinus in individual and in combined inoculations. The 
antagonistic behaviour of the fungus may be one of the factor other than 
the inhibitory effect of different treatments in the multiplication of 
nematode. 
In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves, (55.72cm, 
29.50g, 7.50g, 53.6 and 2.086mg/g) respectively, in uninoculated control. 
The improvement in all growth parameters (26.50%; 49.62%; 57.00%; 
26.83% and 37.50%) respectively, of lentil treated with sesamum-seed cake. 
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The reduction in all growth parameters of test plant due to nematode alone 
(19.72%; 22.82%; 24.52%; 21.07% and 24.19%) respectively, fungus 
alone (17.71%; 25.11%; 32.64%; 24.50% and 27.00%) respectively, and 
nematode + fungus were (26.90%; 34.97%; 40.60%; 33.42% and 34.18%) 
respectively, in the presence of sesamum-seed cake. The reduction in all 
growth parameters was statistically significant (Table-12b). 
Singnificant reduction was noted in all growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves) due to nematode was inoculated 15 days prior to R. solani (21.60%; 
27.13%; 32.60%; 25.13% and 28.29%) respectively, while R. solani was 
i oculated 15 days prior to R. reniformis {2A.1Q)%\ 30.71%; 37.55%; 
28.93% and 32.68%) respectively, with sesamum-seed cake (Table-12b). 
The greatest improvement in all growth parameters of plant (32.00%; 
58.17%; 62.27%; 36.17% and 46.59%) respectively, when R lilacims was 
also introduced in the presence of sesamum-seed cake. Here in these cases 
significant reduction in all growth parameters (viz., plant length, fresh 
weight, dry weight, pod numbers and chlorophyll content of leaves) due to 
nematode alone (4.40%; 8.50%; 13.54%; 6.89% and 9.00%)respectively, 
fungus alone (8.47%; 17.64%; 24.66%; 15.82% and 18.12%) 
respectively,and nematode+fungus were( 17.63%; 21.50%; 26.16%; 20.10%) 
and 24.04%)respectively, as compared to lentil treated with sesamum-seed 
cake (Table-12b). 
Significant reduction was also noted in different growth parameters 
of lentil due to nematode was inoculated 15 days prior to P. lilacinus (6.99%; 
12.34%; 17.52%; 12.14% and 14.37%j respectively , while R lilacinus 
was inoculated 15 days prior to R. reniformis(5MVo; 10.68%; 13.88%; 
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8.35% and 12Al%) respectively. However, R. solani was inoculated 15 
days prior to P. lilacinus (^ 14.42%; 20.79%; 25.92%; 19.89% and 23.50%) 
respectively, while P. lilacinus was inoculated 15 days prior to R. solani 
(11.54%; 19.66%; 22.14%; 16.78% and 21.60%)respectively, with 
sesamum-seed cake as compared to test variety treated with sesamum-seed 
cake(Table-12b). 
As a result of the application of sesamum-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited , highest being in 
Rr+Rs+Pl+SC(1624) followed by Rr+Pl+SC(1939),Pl two weeks prior to 
Rr+SC(2402), Rr two weeks prior to P1+SC(2690), Rs two weeks prior to 
Rr+SC(2762), Rr+Rs+SC(2910),Rr two weeks prior to Rs+SC(3672) and 
Rr+SC (5210). The inhibition in multiplication rate was more pronounced 
when fungus was also present (Table-12b). 
The highest root-rot index (2.9) was recorded when in combined 
inoculations of both the test pathogens with sesamum-seed cake, while 
lowest (1.0) in R. solani was inoculated with P. lilacinus and sesamum-
seed cake (Table-12bj. 
(4)13.1 :Effect of soybean-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
The present experiment deals with the effect of soybean-seed cake 
and Paecilomyces lilacinus on different growth parameters(viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves)of lentil infected with Rotylenchulus 
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reniformis and Rhizoctonia solani in the presence of Rhizobium. 
It was observed that the R. reniformis, caused significant reduction in 
all growth parameters of plant .However, the effect of fungus , R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of soybean-seed cake as well as R 
lilacinus brought down damage in plant growth parameters caused by the 
test pathogens .Multiplication of nematode in individual or in combined 
inoculations was adversely affected due to application of soybean-seed 
cake and P. lilacinus ,however it was more pronounced in combined 
inoculations .This may be attributed to the effect of different treatments as 
well as to the antagonism of the fungus . 
In the treated seeds growth parameters(viz., plant length-59.50cm, 
fresh weight-36.37g, dry weight-10.OOg, pod numbers-63.5, root-
nodulation-75.7 and chlorophyll content-2.624 mg/g) in uninoculated 
control.The improvement in plant length-22.63%, fresh weight-43.44%, 
dry weight-50.83%, pod numbers-25.52%,root-noduIation -32.48% and 
chlorophyll content -30.73%, due to soybean-seed cake treatment. The 
significant reduction in all growth parameters of lentil due to nematode 
alone(19.43%; 25.40%; 31.92%; 24.61%;30.84% and 28.06%)respectively 
, fungus alone (20.44%; 29.53%;34.13%;26.20%; 35.30% and 31.62%) 
respectively, and nematode+fungus were(29.90%;37.82%;44.00%; 34.72%; 
46.40% and 40.64%)respectively, in the presence of soybean-seed cake 
(Table-13a). 
Significant reduction was noted in all growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers,root-nodulation and 
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chlorophyll content of leaves) due to R. reniformis was inoculated 15 days 
prior to R. solani (24.29%; 29.66%; 33.52%; 27.11%; 34.10% and 
31.40%)respectively, while R. solani was inoculated 15 days prior to R. 
reniformis (26.80%; 31.97%; 36.47%; 30.00%; 37.00% and 33.90%; 
respectively, in the presence of soybean-seed cake (Table-13a). 
The greatest improvement in all growth parameters (29.50%; 50.64%; 
57.33%; 31.94%; 39.93% and 39.60%) respectively, of lentil plant due to 
presence of P. lilacinus and soybean-seed cake. Here in these cases 
significant reduction in all growth parameters due to nematode alone(3.50%; 
10.00%; 16.73%; 8.00%; 17.05% and 10.57%)respectively, fungus 
alone(9.64%; 20.15%; 26.37%; 15.70%; 27.48% and 22.50%) respectively, 
and nematode +fungus were (23.42%; 27.08%; 32.00%; 25.63%; 33.51% 
and 28.50%) respectively, as compared to variety treated with soybean-
seed cake (Table-13a). 
Significant reduction was also noted in growth parameters of lentil 
due to R. reniformis was inoculated two weeks prior to R lilacinus and 
soybean-seed cake (7.07%; 15.60%; 21.80%; 13.66%; 22.50% and 14.91%) 
respectively, while R lilacinus was inoculated 15 days prior to nematode 
with soybean-seed cake (6.00%; 13.47%; 18.52%; 11.57%; 19.00% and 
15.80%) respectively. However, R. solani was inoculated 15 days prior to 
R lilacinus with soybean-seed cake (20.00%; 26.54%; 31.37%; 23.15%; 
32.90% and 29.50%) respectively, while P. lilacinus was inoculated 15 
days prior to R. solani (16.32%; 25.19%; 29.50%; 19.67%; 30.58% and 
27.89%) respectively, in the presence of soybean-seed cake (Table-13a). 
As a result of the application of soybean-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
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Rr+Rs+PI+SC (1415) followed by Rr+Pl+SC (1900), PI two weeks prior 
to Rr+SC (2130), Rr two weeks prior to Pl+SC (2570), Rs two weeks prior 
to Rr+SC (2712),Rr+Rs+SC(2800),Rr two weeks prior to Rs+SC (3577) 
and Rr+SC (4600). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-13a). 
iTie highest root-rot index (3.1) was recorded in combined inoculations 
of both the test pathogens with soybean-seed cake, while lowest (0.8) in R. 
solani was inoculated with P. lilacims in the presence of soybean-seed 
cake (Table-13a). 
(4)13.2:Effect of soybean-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.13.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium, It was observed that there was an overall reduction 
in plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of soybean-seed cake 
and R lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of nematode was found to be 
more than that in the presence of Rhizobium. The efficiency of soybean-
seed cake and P. lilacinus also decreased against the test pathogens. 
In the untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
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weight, dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be greater than the nematode 
but further reduction was noted in their combined inoculations. Though, it 
was less than the total sum caused by either of them alone. The application 
of soybean-seed cake and R lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in multiplication of nematode due to the application of soybean-seed cake 
and P. lilacinus in individual and in combined inoculations. The antagonistic 
behaviour of the fungus may be one of the factor other than the inhibitory 
effect of different treatments in the multiplication of nematode. 
In the treated seeds growth parameters (viz., plant length -55.72cm, 
fresh weight -29.50g, dry weight -7.50g, pod numbers-53.6 and chlorophyll 
content-2.086 mg/g) in uninoculated control. The improvement in all growth 
parameters of lentil viz., plant length,fresh weight, dry weight, pod numbers 
and chlorophyll content (24.52%; 47.44%; 54.12%; 23.61% and 34.77%) 
respectively, in the presence of soybean-seed cake. The significant reduction 
in all growth parameters due to nematode alone (20.66%; 24.80%; 25.16%; 
23.50% and 26.39%) respectively, fungus alone (18.56%; 27.62%; 35.00%; 
26.54% and 29.83%) respectively, and nematode + fungus were (28.47%; 
37.62%; 43.15%; 37.44% and 36.00%) respectively, in the presence of 
soybean-seed cake (Table-13b). 
Significant reduction was also noted in all growth parameters due to 
nematode was inoculated 15 days prior to R solani (23.97%; 30.64%; 
35.49%; 28.18% and 30.40%) respectively, while R. solani was inoculated 
15 days prior to R. reniformis (26.10%; 33.10%; 40.72%; 30.55% and 
186 
34.95%) respectively, in the presence of soybean-seed cake (Table-13b). 
The greatest improvement in all growth parameters of plant viz., 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves(29.64%; 55.10%; 59.66%; 33.07% and 43.50%) respectively, when 
P. lilacinus was inoculated on test plant in the presence of soybean-seed 
cake. Here in these cases significant reduction in all growth parameters 
due to nematode alone (5.52%; 9.40%; 14.34%; 7.48% and 9.62%) 
respectively, fungus alone (9.63%; 19.03%; 26.17%; 16.07% and 20.14%) 
respectively, nematode + fungus were (19.62%; 23.44%; 28.62%; 22.00% 
and 26.54%) respectively, in the presence of soybean-seed cake (Table-
13b). 
Significant reduction was also noted in different growth parameters 
(viz., plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves) of test variety due to nematode was inoculated 15 days 
prior to P. lilacinus and soybean-seed cake (7.43%; 13.20%; 18.40%; 
13.50% and 15.50%) respectively, while P. lilacinus was inoculated 15 
days prior torewyormw and soybean-seed cake (6.31%; 11.44%; 15.32%; 
9.07% and 14.00%) respectively. However, R. solani was inoculated 15 
days prior to P. lilacinus and soybean-seed cake (15.04%; 22.72%; 28.12%; 
21.94% and 25.42%) respectively, while P. lilacinus was inoculated 15 
days prior to R. solani and soybean-seed cake (12.72%; 22.40%; 22.64%; 
18.49% and 23.73%) respectively, as compared to variety treated with 
soybean-seed cake (Table-13b). 
As a result of the application of soybean-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+SC (1730) followed by Rr+Pl+SC (2087), PI two weeks prior 
187 
to Rr+SC (2645), Rr two weeks prior to Pl+SC (2865), Rs two weeks prior 
to Rr+SC(2902), Rr+Rs+SC (2999), Rr two weeks prior to Rs+SC (3868) 
and Rr+SC (5570). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-13b). 
The highest root-rot index (3.0) was found in combined inoculations 
of both the test pathogens with soybean-seed cake, while lowest (1.1) in 
R. solani was inoculated with P. lilacims and soybean-seed cake (Table-
13b). 
(4)14.1:Effect of groundnut-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the presence 
of Rhizobium. 
The present experiment deals with the effect of groundnut-seed cake 
and Paecilomyces lilacinus on different growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) of lentil infected with Rotylenchulus 
reniformis and Rhizoctonia solani in the presence oi Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of R. solani was found 
to be greater than the nematode but their combined inoculations caused 
further reduction though, it was less than the total sum caused by either of 
them alone. The application of groundnut-seed cake as well as P. lilacinus, 
brought down significant reduction in plant growth parameters of lentil 
caused by the test pathogens. Multiplication of nematode in individual or 
in combined inoculations was adversely affected due to application of 
various treatments. However, it was more pronounced in combined 
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inoculations. This may be attributed to the effect of different treatments as 
well as to the antagonism of the fungus. 
In the treated seeds growth parameters of lentil (plant length-
59.50cm,fresh weight-36.37g, dry weight-10.OOg, podnumbers-63.5, root-
nodulation-75.7 and chlorophyll content-2,264 mg/g) respectively, in 
uninoculated control, the improvement in growth parameters (21.50%; 
42.67%; 48.50%; 23.13%; 30.50% and 28.63%) respectively, in groundnut-
seed cake treated plant. The significant reduction in all growth parameters 
of test plant due to nematode alone (20.44%; 27.32%; 33.17%; 24.97%; 
32,06% and 30.62%) respectively, fungus alone (22.20%; 31.80%; 37.91%; 
28.84%; 38.00% and 33.19%) respectively, and nematode + fungus were 
(31.32%; 40.37%; 46.64%; 37.00%; 48.03% and 43.42%) respectively, in 
the presence of groundnut -seed cake (Table-14a). 
Significant reduction was noted in all growth parameters (viz., plant 
length, fresh weight,dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) due to R. reniformis was inoculated 15 days 
prior to R. solani (27.00%; 33.64%; 37.83%; 31.56%; 38.57% and 34.63%) 
respectively, while R. solani was inoculated 15 days prior to R. reniformis 
(28.16%; 34.60%; 39.00%; 33.63%; 40.58% and 36.66%) respectively, of 
test plant in the presence of groundnut-seed cake (Table-14a). 
The greatest improvement in all growth parameters of test plant 
(27.80%; 48.01%; 55.14%; 30.60%; 37.21% and 38.55%) respectively, 
when P. lilacinus was inoculated in the presence of groundnut-seed cake. 
Here in these cases significant reduction in all growth parameters due to 
nematode alone (3.87%; 11.65%; 18.00%; 8.50%; 17.77% and 11.53%) 
respectively, fungus alone (10.00%; 22.94%; 28.02%; 17.62%; 29.28% 
190 
and 24.00%) respectively, and nematode + fungus were (25.19%; 30.14%; 
35.52%; 28.64%; 36.60% and 31.93%) respectively, as compared to variety 
treated with groundnut-seed cake (Table-14a). 
Significant reduction was also noted in all growth parameters of lentil 
due to R. reniformis was inoculated 15 days prior to P. lilacinus (8.08%; 
17.83%; 22.90%; 14.50%; 24.90% and 16.12%) respectively, while P. 
lilacinus was inoculated 15 days prior to R. reniformis (7.62%; 14.00%; 
19.19%; 12.00%; 21.18% and 17.10%) respectively However, R. solani 
was inoculated 15 days prior to P lilacinus (21.30%; 29.16%; 33.03%; 
25.87%; 35.49% and 32.44%) respectively, while P. lilacinus was inoculated 
15 days prior to R. solani (17.94%; 27.00%; 32.77%; 22.18%; 33.42% 
and 30.00%) respectively, in the presence of groundnut-seed cake (Table-
Ma). 
As a result of the application of groundnut-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+GC (1503) followed by Rr+Pl+GC (2060), PI two weeks prior 
to Rr+GC (2278), Rr two weeks prior to PI+GC (2665), Rs two weeks 
prior to Rr+GC (2872), Rr+Rs+GC (3000), Rr two weeks prior to Rs+GC 
(3784) and Rr+GC (4913). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-14a). 
The highest root-rot index (3.3) was recorded in combined inoculations 
of both the test pathogens in the presence of groundnut-seed cake, while 
lowest (0.9) in R. solani was inoculated with P. lilacinus and groundnut-
seed cake (Table-14a). 
(4)I4.2:Effect of groundnut-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
191 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.14.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium it was observed that there was an overall reduction 
in plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of groundnut-seed 
cake and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of nematode was found to be 
more than that in the presence of Rhizobium. The efficiency of groundnut-
seed cake and P. lilacinus also decrease against the test pathogens. 
In untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be more than the nematode but 
further reduction was noted in their combined inoculations though, it was 
less than the total sum caused by either of them alone. The application of 
groundnut-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh as well as dry weight, pod numbers and chlorophyll content 
of leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to application of groundnut-seed 
cake and P. lilacinus in individual or in combined inoculations. The 
antagonistic behaviour of the fungus may be one of the factor other than 
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the inhibitory effect of different treatments in the multiplication of 
nematode. 
In the treated seeds growth parameters viz., plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves (55.72cm; 
29.50g; 7.50g; 53.6 and 2.086mg/g) respectively, in uninoculated control. 
The improvement in all growth parameters (22.72%; 45.52%; 51.26%; 
20.40% and 31.68%) respectively, of lentil treated with groundnut-seed 
cake. The reduction in all growth parameters due to nematode alone 
(21.48%; 26.76%; 26.00%; 25.99% and 28.20%) respectively, fungus alone 
(19.73%; 29.83%; 37.40%; 28.58% and 32.70%) respectively, and 
nematode+fungus were (29.88%; 40.00%; 45.68%; 40.88% and 37.98%) 
respectively, in the presence of groundnut-seed cake. The reduction in all 
growth parameters was statistically significant (Table-14b). 
Significant reduction was noted in all growth parameters viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves due to nematode was inoculated 15 days prior to R. solani (25.85%; 
32.80%; 38.33%; 31.09% and 32.52%) respectively, while R. solani was 
inoculated 15 days prior to R. reniformis (28.08%; 36.24%; 43.65%; 32.12% 
and 37.83%) respectively, in the presence of groundnut- seed cake (Table-
14b). 
The greatest improvement in all growth parameters (plant length-
27.12%, fresh weight-52.i0%; dry weight-55.88%,pod numbers-30.05% 
and chlorophyll content-40.44%) of plant was noted, when the R lilacinus 
was inoculated on test plant in the presence of groundnut-seed cake. Here 
in these cases significant reduction in all growth parameters (viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
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leaves) due to nematode alone (6.30%; 10.30%; 15.35%; 8.35% and 
10.18%) respectively, fungus alone (10.66%; 20.40%; 27.36; 16.60% and 
22.00%) respectively, and nematode +fungus were (21.45%; 25.35%; 
31.00%; 23.77% and 28.45%) respectively, as compared to plant treated 
with groundnut-seed cake only (Table-14b). 
Significant reduction was also noted in different growth parameters 
of lentil due to nematode was inoculated 15 days prior to P. lilacinus (8.05%; 
14.22%; 19.30%; 15.06% and 16.66%) respectively, while P. lilacinus 
was inoculated 15 days prior to R. renifomis {1.2%%-, 12.48%; 17.27%; 
9.88% and 15.42%) respectively. However,, R. solani was inoculated 15 
days prior to R lilacinus (15.89%; 24.80%; 29.98%; 23.78% and 27.36%) 
respectively, while P. lilacinus was inoculated 15 days prior to R. solani 
(13.50%; 23.98%; 26.97%; 20.12% and 25.80%) respectively, in the 
presence of groundnut-seed cake (Table-14b). 
As a result of the application of groundnut-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+GC (1834) followed by Rr+Pl+GC (2234), PI two weeks prior 
to Rr+GC (2889), Rr two weeks prior to Pl+GC (2968), Rs two weeks 
prior to Rr+GC (3087), Rr+Rs+GC (3216), Rr two weeks prior to Rs+GC 
(4063) and Rr+GC (5928). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-14b). 
The highest root-rot index (3.2) was recorded in combined inoculations 
of both the test pathogens with groundnut-seed cake, while lowest (1.2) in 
R. solani was inoculated with P. lilacinus and groundnut-seed cake(Table-
14b). 
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(4)15.1 :Effect of linseed-seed cake and Paecilomyces lilacinus on 
different growth parameters of lentil {Lens culinaris) variety DPL-47 
inoculated with Rotylenchulus reniformis and/or Rhizoctonia solani in 
the presence of Rhizobium. 
The present experiment deals with the effect of linseed-seed cake and 
P. lilacinus on different growth parameters (viz.,plant length, fresh as well 
as dry weight, pod numbers, root-nodulation and chlorophyll content of 
leaves) of lentil infected with Rotylenchulus reniformis and Rhizoctonia 
solani in the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungus, R. solani 
was found to be greater than the nematode but their combined inoculations 
caused further reduction though, it was less than the total sum caused by 
either of them alone. The application of linseed-seed cake as well as R 
lilacinus brought down damage in plant growth parameters caused by the 
test pathogens. Multiplication of nematode in individual or in combined 
inoculations was adversely affected due to application of linseed-seed cake 
and P. lilacinus, however it was more pronounced in combined inoculations. 
This may be attributed to the effect of different treatments as well as to the 
antagonism of the fungus. 
In the treated seeds growth parameters of lentil viz., plant length, 
fresh weight, dry weight, pod numbers, root-nodulation and chlorophyll 
content of leaves (59.50cm.; 36.37g; lO.OOg; 63.5; 75.7 and 2.624mg/g) 
respectively, in uninoculated control. The improvement in all growth 
parameters (20.18%; 40.40%; 46.35%; 21.50% 28.00% and 26.13%) 
respectively, due to variety treated with linseed-seed cake. The significant 
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reduction in all growth parameters of lentil due to nematode alone (22.02%; 
28.80%; 35.11%; 26.00%; 34.12% and 32.32%) respectively, fungus alone 
(23.90%; 33.34%; 40.40%; 30.74%; 41.35% and 35.77%) respectively, 
and nematode + fungus were (33.92%; 42.10%; 48.48%; 40.00%; 50.12% 
and 45.60%) respectively, in the presence of linseed-seed cake (Table-15a). 
Significant reduction was noted in all growth parameters viz., plant 
length, fresh weight, dry weight, pod numbers, root-nodulation and 
chlorophyll content of leaves) of lentil due to R. reniformis was inoculated 
15 days prior to R. solani (29.63%; 36.60%; 40.55%; 35.00%; 40.82% and 
37.82%) respectively, while R. solani was inoculated 15 days prior to R. 
reniformis (30.00%; 37.13%; 42.10%; 36.72%; 43.92% and 38.65%) 
respectively, in the presence of linseed-seed cake (Table-15a). 
The greatest improvement in all growth parameters (viz., plant length-
25.00%, fresh weight-45.16%, diy weight-53.50%, pod numbers-27.27%, 
root-nodulation-35.33% and chlorophyll content-36.10%) of plants was 
noted, when the R lilacinus was inoculated on test plant in the presence of 
linseed-seed cake. Here in these cases significant reduction in all growth 
parameters (viz., plant length, fresh weight, dry weight, pod numbers, root-
nodulation and chlorophyll content of leaves) of test plant due to nematode 
alone (4.10%; 12.00%; 18.68%; 9.03%; 18.20% and 12.02%) respectively, 
fungus alone (10.61%; 24.00%; 30.15%; 19.20%; 31.64% and 26.70%) 
respectively, and nematode + fungus were (26.50%; 33.64%; 37.72%; 
31.62%; 39.90% and 34.40%) respectively, as compared to plant treated 
with linseed-seed cake (Table-15a). 
Significant reduction was also noted in all growth parameters of lentil 
due to R. reniformis was inoculated 15 days prior to P. lilacinus (9.32%; 
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18.51%; 24.00%; 15.18%; 26.12% and 17.66%) respectively, while P. 
lilacinus was inoculated 15 days prior to R. reniformis (8.03%; 15.05%; 
20.00%; 12.52%; 23.00% and 18.00%) respectively However, R. solani 
was inoculated 15 days prior to P. lilacinus (22.00%; 31.57%; 36.06%; 
27.94%; 38.06% and 34.60%) respectively, while P. lilacinus was inoculated 
15 days prior to R. solani (18.50%; 29.50%; 35.03%,;24.00%; 34.73% 
and 32.70%) respectively, in the presence of linseed-seed cake (Table-15a). 
As a result of the application of linseed-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+LC (1590) followed by Rr+Pl+LC (2185), PI two weeks prior 
to Rr+LC (2400), Rr two weeks prior to Pl+LC (3088), Rs two weeks prior 
to Rr+LC (3310), Rr+Rs+LC (3800), Rr two weeks prior to Rs+LC (3989) 
and Rr+LC (5215). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-15a). 
The highest root-rot index (3.6) was recorded in combined inoculations 
of both the test pathogens in the presence of linseed-seed cake while, lowest 
(1.0) in i?. solani was inoculated with P. lilacinus and linseed-seed cake 
(Table-15a). 
(4)15.2: Effect of linseed-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.15.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium it was observed that there was an overall reduction 
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in plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of linseed-seed cake 
and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of the nematode was found to be 
more than that in the presence of Rhizobium. The efficiency of linseed-
seed cake and P. lilacinus also decrease against the test pathogens. 
In untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be more than the nematode but 
further reduction was noted in their combined inoculations though, it was 
less than the total sum caused by either of them alone. The application of 
linseed-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to application of linseed-seed cake 
and P. lilacinus in individual or in combined inoculations. The antagonistic 
behaviour of the fungus may be one of the factor other than the inhibitory 
effect of different treatments in the multiplication of nematode. 
In the treated seeds growth parameters viz, plant length, fresh weight, 
dry weight, pod numbers and chlorophyll content of leaves (55.72cm; 
29.50g; 7.50g; 53.6 and 2.086mg/g) respectively, in uninoculated control. 
The improvement in all growth parameters (20.62%; 43.60%; 48.35%; 
17.35% and 28.55%) respectively, of lentil treated with linseed-seed cake. 
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The reduction in all growth parameters due to nematode alone (22.35%; 
28.68%; 27.10%; 28.43% and 30.13%) respectively, fungus alone (20.88%; 
31.88%; 39.33%; 30.44% and 35.66%) respectively, and nematode+fungus 
were (31.10%; 42.46%; 47.52%; 43.65% and 39.80%) respectively, in the 
presence of linseed-seed cake. The reduction in all growth parameters was 
statistically significant(Table-15b). 
Significant reduction was also noted in all growth parameters viz., 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves, due to nematode was inoculated 15 days prior to R. solani 
(27.90%; 34.91%; 41.78%; 34.00% and 34.60%) respectively, while R. 
solani was inoculated 15 days prior to nematode (30.05%; 39.30%; 45.60%; 
34.18% and 40.77%) respectively, in the presence of linseed-seed cake 
(Table-15b). 
The greatest improvement in all growth parameters (plant length-
24.30%, fresh weight-50.02%, dry weight-51.99%, pod numbers-27.12% 
and chlorophyll content-37.40%) of test plant in the presence of linseed-
seed cake and P. lilacims as compared to test plant treated with linseed-
seed cake. Here in these cases, the significant reduction in all growth 
parameters due to nematode alone (7.40%; 11.26%; 16.28%; 9.22% and 
10.78%) respectively, fungus alone (11.75%; 21.25%; 28.20%; 17.18% 
and 24.14%) respectively, and nematode + fungus were (23.38%; 27.18%; 
33.44%; 25.25% and 30.55%) respectively, in the presence oiP. lilacims 
and linseed-seed cake as compared to plant treated with linseed-seed cake 
(Table-15b). 
Significant reduction was also noted in different growth parameters 
of test plant due to nematode was inoculated 15 days prior to P. lilacinus 
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(8.60%; 15.18%; 20.23%; 16.66% and 17.75%) respectively, while P. 
lilaciniis was inoculated 15 days prior to nematode (8.25%; 13.52%; 
19.28%; 10.38% and 16.99%) respectively. However, R. solani was 
inoculated 15 days prior to P. lilacinus (16.46%; 26.82%; 32.03; 25.88% 
and 29.22%) respectively, while, P. lilacinus was inoculated 15 days prior 
to R. solani (14.50%; 25.45%; 29.42%; 22.65% and 27.90%) respectively, 
in the presence of linseed-seed cake as compared to variety treated with 
linseed-seed cake only (Table-15b). 
As a result of the application of linseed-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+LC (1938) followed by Rr+Pl+LC (2382), PI two weeks prior 
to Rr+LC (3080), Rr two weeks prior to Pl+LC (3135), Rs two weeks prior 
to Rr+LC (3200), Rr+Rs+LC (3310), Rr two weeks prior to Rs+LC (4258) 
and Rr+LC (6288). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-15b). 
The highest root-rot index (3.4) was recorded in combined inoculations 
of both the test pathogens with linseed-seed cake while, lowest (1.3) in R. 
solani was inoculated with P. lilacinus and linseed-seed cake (Table-15b). 
(4)16.1;Effect of karanj-seed cake and Paecilomyces lilacinus on 
different parameters of lentil {Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and /or Rhizoctonia solani in the presence 
of Rhizobium. 
The present experiment deals with the effect of karanj-seed cake and 
P. lilacinus on different growth parameters (viz, plant length, fresh weight, 
dry weight, pod numbers, root-nodulation and chlorophyll content of leaves) 
203 
of lentil infected with Rotylenchulus reniformis and Rhizoctonia solani in 
the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungi, R. solani was 
found to be more than the nematode but their combined inoculations caused 
further reduction though, it was less than the total sum caused by either of 
them alone. The application of karanj-seed cake as well as Paecilomyces 
lilacimis brought down damage in plant growth parameters caused by the 
test pathogens. Multiplication of nematode in individual or in combined 
inoculations was adversely affected due to application of karanj-seed cake 
and P. lilacinus, however, it was more pronounced in combined inoculations. 
This may be attributed to the effect of different treatments as well as to the 
antagonism of the fungus. 
In the treated seeds, growth parameters of lentil (plant length-59.50cm, 
fresh weight-36.37g, dry weight-10.OOg, pod numbers-63.5, root-
noduIation-75.7 and chlorophyll content-2.624mg/g) in uninoculated 
control. The improvement in all growth parameters viz., plant length, fresh 
weight, dry weight, pod numbers, root-nodulation and chlorophyll content 
of leaves) in the presence of karanj-seed cake (20.07%; 40.52%; 43.00%; 
20.13%; 26.00% and 24.60%) respectively. The significant reduction in 
all growth parameters due to nematode alone (23.50%; 29.67%; 37.50%; 
27.34%; 36.57% and 34.52%) respectively, fungus alone (25.73%; 36.72%; 
44.62%; 34.60%; 44.18% and 39.77%) respectively, and namatode+fungus 
were (35.07%; 44.31%; 50.07%; 42.10%; 43.52% and 48.15%) respectively, 
in the presence of karanj-seed cake. However, nematode was inoculated 
15 days prior to R. solani (30.79%; 39.64%; 44.65%; 37.66%; 44.52% and 
40.39%) respectively, while R. solani was inoculated 15 days prior to R. 
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reniformis (32.49%; 41.72%; 45.56%; 39.26%; 46.00% and 42.57%) 
respectively, in the presence of karanj-seed cake (Table-16a). 
The greatest improvement in all growth parameters (viz., plant length-
23.43%, fresh weight-42.29%, dry weight-50.11%, pod numbers-25.04%, 
root-nodulation-32.07% and chlorophyll content-32.14%) of lentil was 
noted, when P. lilacinus was inoculated with karanj seed cake on test plant. 
Here in these cases significant reduction in all growth parameters of plant 
due to nematode alone (4.88%; 12.88%; 19.73%; 9.69; 19.94% and 13.13%) 
respectively, fungus alone (11.99%; 26.17%; 33.00%; 22.47%; 34.66% 
and 28.65%) respectively, and nematode+fungus were (28.09%; 36.00%; 
40.00%; 34.88%; 41.34% and 37.53%) respectively. Moreover, R. 
reniformis was inoculated 15 days prior to P. lilacinus (10.00%; 19.64%; 
26.07%; 16.33%; 28.50% and 19.77%) respectively, while P lilacinus was 
inoculated 15 days prior to i?. reniformis (S.SO'Yo; 16.00%; 21.63%; 12.98%; 
25.71% and 18.40%) respectively. However, R. solani was inoculated 15 
days prior to P lilacinus {23 ATA, 34.79%; 39.44%; 30.35%; 40.80% and 
37.49%) respectively, while P. lilacinus was inoculated 15 days prior to R. 
solani (20.02%; 31.40%; 37.41%; 26.72%; 36.91% and 35.00%) 
respectively, in the presence of karanj-seed cake (Table-16a). 
As a result of the application of karanj-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+KC (1678) followed by Rr+Pl+KC (2260), PI two weeks prior 
to Rr+KC (2580), Rr two weeks prior to Pl+KC (3265), Rs two weeks 
prior to Rr+KC (3400), Rr+Rs+KC (3893), Rr two weeks prior to Rs+KC 
(4190), and Rr+KC (5528). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-16a). 
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The highest root-rot index (3.9) was recorded in combined inoculations 
of both the test pathogens in the presence of karanj-seed cake, while lowest 
(1.1) in solani was inoculated with P. lilacinus and karanj-seed cake 
(Table-16a). 
(4)16.2:Effect of karanj-seed cake and Paecilomyces lilacinus on 
different parameters of lentil (Lens culinaris) variety DPL-47 inoculated 
with Rotylenchulus reniformis and/or Rhizoctonia solani in the absence 
of Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.16.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium it was observed that there was an overall reduction 
in plant length, fresh weight, dry weight, pod numbers and chlorophyll 
content of leaves of lentil even after the application of karanj-seed cake 
and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of the nematode was found to be 
more than that in the presence of Rhizobium. The efficiency of karanj-seed 
cake and P. lilacinus also decrease against the test pathogens. 
In untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
as well as dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be more than the nematode but 
further reduction was noted in their combined inoculations though, it was 
less than the total sum caused by either of them alone. The application of 
karanj-seed cake and P. lilacinus caused significant reduction in disease 
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incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nematode due to application of karanj-seed cake 
and P. lilacinus in individual or in combined inoculations. The antagonistic 
behaviour of the fungus may be one of the factor other then the inhibitory 
effect of different treatments in the multiplication of nematode. 
In the treated seeds growth parameters (plant length-55.72cm, fresh 
weight-29.50g, dry weight-7.50g, pod numbers-53.6 and chlorophyll 
content-2.086mg/g) in uninoculated control. The improvement in all growth 
parameters (18.50%; 41.44%; 45.44%; 14.48% and 25.40%) respectively, 
of test plant treated with karanj-seed cake. The reduction in all growth 
parameters due to nematode alone (23.30%; 30.52%; 28.22%; 30.33% and 
32.10%) respectively, fungus alone (21.92%; 33.70%; 41.22%; 32.41% 
and 38.71%) respectively, and nematode+fungus were (33.05%; 45.05%; 
49.44%; 46.27% and 42.00%) respectively, of the test plant in the presence 
of karanj-seed cake (Table-16b). 
Significant reduction was noted in all growth parameters of lentil due 
to R. reniformis was inoculated 15 days prior to R. solani (29.76%; 36.80%; 
44.60%; 36.86% and 36.78%) respectively, while R. solani was inoculated 
15 days prior to R. reniformis (32.00%; 42.15%; 47.55%; 37.05% and 
43.66%) respectively, in the presence of karanj-seed cake (Table-16b). 
The greatest improvement in all growth parameters viz., plant length, 
fresh weight, dry weight, pod numbers and chlorophyll content of leaves 
(21.25%; 47.99%; 48.80%; 24.25% and 34.72%) respectively, of test plant 
was noted in the presence of karanj-seed cake and R lilacinus. Here in 
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these cases, the significant reduction in all growth parameters due to 
nematode alone (8.45%; 12.32%; 17.30%; 10.40% and 11.22%) 
respectively, fungus alone (12.80%; 22.18%; 29.35%; 17.96% and 26.20%) 
respectively, and nematode + fungus were (25.25%; 29.20%; 35.75%; 
27.09% and 32.62%) respectively, as compared to plant treated with karanj-
seed cake (Table-16b). 
Significant reduction was also noted in all growth parameters of test 
plant due to R. reniformis was inoculated 15 days prior to P. lilacinus 
(9.12%; 16.26%; 21.18%; 18.00% and 18.85%) respectively, while P. 
lilacinus was inoculated 15 days prior to R. reniformis (9.38%; 14.60%; 
21.25%; 11.02% and 18.44%) respectively. However, R. solani was 
inoculated 15 days prior to P lilacinus (17.99%; 28.76%; 34.10%; 27.90% 
and 31.10%) respectively, while, P. lilacinus was inoculated 15 days prior 
to R. solani (15.42%; 27.00%; 31.32%; 24.48% and 29.74%) respectively, 
in the presence of karanj-seed cake (Table-16b). 
As a result of the application of karanj-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+KC (2042) followed by Rr+Pl+KC (2404), PI two weeks prior 
to Rr+KC (3250), Rr two weeks prior to Pl+KC (3318), Rs two weeks 
prior to Rr+KC (3470), Rr+Rs+KC (3580), Rr two weeks prior to Rs+KC 
(4454) and Rr+KC (6646). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-16b). 
The highest root-rot index (3.5) was recorded in combined inoculations 
of both the test pathogens with karanj-seed cake while, lowest (1.5) in 
solani was inoculated with P. lilacinus and karanj-seed cake in the absence 
of Rhizobium (Table-16b). 
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(4)17.1:Effect of duan-seed cake and Paecilomyces lilacinus on different 
parameters of lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and /or Rhizoctonia solani in the presence of 
Rhizobium. 
The present experiment deals with the effect of duan-seed cake and 
Paecilomyces lilacinus on different growth parameters (viz., plant length, 
fresh weight, dry weight, pod numbers, root-nodulation and chlorophyll 
content of leaves) of lentil infected with Rotylenchulus reniformis and 
Rhizoctonia solani in the presence of Rhizobium. 
It was observed that the R. reniformis caused significant reduction in 
all growth parameters of plant. However, the effect of fungus was found to 
be more than the nematode but their combined inoculations caused further 
reduction though, it was less than the total sum caused by either of them 
alone. The application of duan-seed cake as well as P. lilacinus brought 
down damage in plant growth parameters caused by the test pathogens. 
Multiplication of nematode in individual or in combined inoculations was 
adversely affected due to application of duan-seed cake and P. lilacinus, 
however, it was more pronounced in combined inoculations. This may be 
attributed to the effect of different treatments as well as to the antagonism 
of the fungus. 
In the treated seeds, growth parameters of lentil (plant length -
59.50cm, fresh weight- 36.37g, dry weight- lO.OOg, pod numbers- 63.5, 
root-nodulation- 75.7 and chlorophyll content- 2.624 mg/g) in uninoculated 
control. The improvement in all growth parameters viz., plant length, fresh 
weight, dry weight, pod numbers, root-nodulation and chlorophyll content 
of leaves (18.54%; 37.52%; 40.00%; 18.37%; 23.44% and 21.57%) 
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respectively. Here, the significant reduction in all growth parameters of 
lentil due to nematode alone (25.20%; 31.50%; 39.67%; 29.80%; 38.30% 
and 36.55%) respectively, fungus alone (27.39%; 39.72%; 47.52%; 37.60%; 
47.00% and 42.83%) respectively, and nematode +fungus were (37.50%; 
47.49%; 52.66%; 45.14%; 47.37% and 51.30%) respectively, in the 
presence of duan-seed cake (Table-17a). 
Significant reduction was also noted in all growth parameters of test 
plant due to R. reniformis was inoculated 15 days prior to R. solani (32.54%; 
42.57%; 47.60%; 40.60%; 48.54% and 43.30%) respectively, while R. 
solani was inoculated 15 days prior to R. reniformis (34.40%; 43.32%; 
47.77%; 42.35%; 49.63% and 44.17%) respectively, in the presence of 
duan-seed cake (Table-17a). 
The greatest improvement in all growth parameters (viz., plant length-
20.03%, fresh weight- 39.19%, dry weight- 45.32%, pod numbers- 22.66%, 
root-nodulation- 29.70% and chlorophyll content- 29.73%) of lentil was 
noted, when R lilacinus was inoculated with duan-seed cake. Here in these 
cases, significant reduction in all growth parameters due to nematode alone 
(5.50%; 13.74%; 21.50%; 10.04%; 21.43% and 14.50%) respectively, 
fungus alone (12.63%; 28.57%; 36.94%; 24.88%; 37.37% and 31.90%) 
respectively, and nematode + fungus were (30.66%; 39.72%; 44.36%; 
37.22%; 44.73% and 40.63%) respectively, in the presence of Rhizobium. 
Significant reduction was also noted in all growth parameters of test 
plant due to R. reniformis was inoculated 15 days prior to P. lilacinus with 
duan-seed cake (11.54%; 20.29%; 27.65%; 17.40%; 30.56% and 21.12%) 
respectively, while R lilacinus was inoculated 15 days prior to R. reniformis 
with duan-seed cake (10.00%; 17.62%; 22.36%; 13.22%; 26.14% and 
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19.40%) respectively. However, R. solani was inoculated 15 days prior to 
P. lilacinus with duan-seed cake (24.50%; 36.55%; 41.64%; 33.20%; 
43.07%; and 40.00%) respectively, while P. lilacinus was inoculated 15 
days prior to R. solani with duan-seed cake (21.33%; 33.66%; 39.70%; 
28.16%; 38.87% and 37.52%) respectively, in the presence oi Rhizobiiim 
(Table-17a). 
As a result of the application of duan-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+Pl+DC (1762) followed by Rr+Pl+DC (2366), PI two weeks prior 
to Rr+DC (2700), Rr two weeks prior to Pl+DC (3440), Rs two weeks 
prior to Rr+DC (3500), Rr+Rs+DC (3925), Rr two weeks priot to Rs+DC 
(4360) and Rr+DC (6035). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-17a). 
The highest root-rot index (4.2) was recorded in combined inoculations 
of both the test pathogens in the presence of duan-seed cake, while lowest 
(1.2) in R. solani was inoculated with P. lilacinus and duan-seed cake in 
the presence of Rhizobium (Table-17a). 
(4)17.2 :Effect of duan-seed cake and Paecilomyces lilacinus on different 
parameters of lentil {Lens culinaris) variety DPL-47 inoculated with 
Rotylenchulus reniformis and/or Rhizoctonia solani in the absence of 
Rhizobium. 
This experiment was conducted simultaneously with other experiment 
(4.17.1), where seeds were bacterized before sowing, and the fungus and 
nematode were inoculated to the plants under same conditions. In the 
absence of Rhizobium it was observed that there was an overall reduction 
in plant length, fresh weight, dry weight, pod numbers and chlorophyll 
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content of leaves of test variety even after the application of duan-seed 
cake and P. lilacinus as compared to those plants which were raised from 
bacterized seeds. Moreover, the test pathogens caused comparatively more 
damage to the plants. The multiplication of the nematode was found to be 
more than that in the presence of Rhizobium. The efficiency of duan-seed 
cake and P. lilacinus also decrease against the test pathogens. 
In untreated (control) it was observed that both the test pathogens 
singly or in combination caused significant reduction in plant length, fresh 
weight, dry weight, pod numbers and chlorophyll content of leaves. 
However, the effect of fungus was found to be more than the nematode but 
further reduction was noted in their combined inoculations though, it was 
less than the total sum caused by either of them alone. The application of 
duan-seed cake and P. lilacinus caused significant reduction in disease 
incidence incited by test pathogens and consequently improved the plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves as compared to untreated control. Significant reduction was noted 
in the multiplication of nemtode due to application of duan-seed cake and 
P. lilacinus in individual or in combined inoculations. The antagonistic 
behaviour of the fungus may be one of the factor other than the inhibitory 
effect of different treatments in the multiplication of nematode. 
In the treated seeds growth parameters (plant length -55.72 cm, fresh 
weight- 29.50g, dry weight- 7.50g, pod numbers- 53.6 and chlorophyll 
content- 2.086 mg/g) in uninoculated control. The improvement in all growth 
parameters (16.45%; 39.44%; 42.56%; 11.56% and 22.18%) respectively, 
of test plant treated with duan-seed cake. The reduction in all growth 
parameters due to nematode alone (24.45%; 32.60%; 29.15%; 32.20% and 
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34.25%) respectively, fungus alone (23.00%; 35.90%; 43.10%; 34.28% 
and 41.40%) respectively, and nematode + fungus were (35.12%; 48.02%; 
50.05%; 49.10% and 44.03%) respectively, of test plant in the presence of 
duan-seed cake (Table-17b). 
Significant reduction was noted in all growth parameters viz., plant 
length, fresh weight, dry weight, pod numbers and chlorophyll content of 
leaves, of lentil due to R. reniformis was inoculated 15 days prior to R. 
solani with duan-seed cake (31.60%; 39.00%; 47.26%; 38.50% and 38.55%) 
respectively, while R. solani was inoculated 15 days prior to R. reniformis 
with duan-seed cake (34.08%; 45.04%; 49.82%; 39.04% and 46.48%) 
respectively, in the absence of Rhizobium (Table-17b). 
The greatest improvement in all growth parameters viz., plant length, 
fresh weight, dry weight, pod numbers and chlorophyll content of leaves, 
of test plant was noted in the presence of duan-seed cake and P. lilacinus. 
Here in these cases, the significant reduction in different growth parameters 
due to nematode alone (9.33%; 13.39%; 18.35%; 11.16% and 12.02%) 
respectively, fungus alone (13.94%; 23.10%; 30.46%; 18.25% and 28.25%) 
respectively, and nematode + fungus were (27.18%; 31.33%; 37.88%; 
29.20% and 34.72%) respectively, in the absence of Rhizobium (Table-
17b). 
Significant reduction was also noted in all growth parameters viz., 
plant length, fresh weight, dry weight, pod numbers and chlorophyll content 
of leaves, of lentil due to R. reniformis was inoculated 15 days prior to R 
lilacinus with duan-seed cake (9.66%; 17.35%; 22.05%; 19.44% and 
19.46%) respectively, while P. lilacinus was inoculated 15 days prior to R. 
reniformis with duan-seed cake (10.43%; 15.72%; 23.18%; 11.78% and 
217 
20.10%) respectively. However, R. solani was inoculated 15 days prior to 
P. lilacinus with duan-seed cake (19.52%; 30.66%; 36.15%; 29.72% and 
33.35%) respectively, while P. lilacinus was inoculated 15 days prior to R. 
solani with duan-seed cake (16.46%; 28.52%; 33.48%; 26.25% and 31.60%) 
respectively, in the absence of Rhizobium (Table-17b). 
As a result of the application of duan-seed cake and P. lilacinus, 
nematode multiplication was significantly inhibited, highest being in 
Rr+Rs+PI+DC (2147) followed by Rr+Pl+DC (2549), PI two week prior 
to Rr+DC (3428), Rr two weeks prior to Pl+DC (3467), Rs two weeks 
prior to Rr+DC (4004), Rr+Rs+DC (4225), Rr two weeks prior to Rs+DC 
(4650) and Rr+DC (7000). The inhibition in multiplication rate was more 
pronounced when fungus was also present (Table-17b). 
The highest root-rot index (3.7) was recorded in combined 
inoculations of both the test pathogens with duan-seed cake while, lowest 
(1.6) in R. solani was inoculated with P. lilacinus and duan-seed cake in 
the absence of Rhizobium (Table-17b). 
Summary: 
It was evident from the results that due to reduction in nematode 
population and pathogenic fungi by the application of antagonistic fungi 
or oil-seed cakes thus improved the plant growth and other related 
parameters. The overall effect of oil-seed cakes was more than that of 
antagonistic fungi. Among all the oil-seed cakes, neem, castor and mahua 
seed cakes increased plant growth and reduced pathogens to a low level 
where as in case of antagonistic fungi, P. lilacinus and T. viride fungi 
improved the plant growth more than that of other fungi. 
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5. Discussion 
It is now well established that plant-parasitic nematodes cause 
considerable damage to economically important plants and have been 
firmly recognised as one of the important biological constraints for 
crop production. On the basis of production figures and prices of 
1984, the worldwide crop losses due to nematodes in 21 crops, 15 
of which are life-sustaining, were estimated by Sasser & Freckman 
(1987) at $77 billion annually. They further visualized that the losses 
would probably exceed $ 100 billion annually when all the world 
crops are considered. In case of pulse crops, the major obstacles in 
the way of increasing production are various diseases which are 
responsible for reduction and uncertainty in pulse yields (Grewal, 
1983; Grewal et al, 1988). The production of pulses are greatly 
reduced by the diseases incited by plant-parasitic nematodes. Among 
important pulse crops, which stand between man and starvation 
(Wittwer, 1981), lentil crop is damaged by plant parasitic nematodes. 
In nature plants are never subjected to a single pathogen but 
are exposed to multipathogenic condition (Powell, 1971a). These 
pathogens as well as other micro-organisms are continuously 
interacting to each other usually resulting in greater damage. In such 
situations, containing of the damage becomes rather tricky. The 
resistant varieties may not remain resistant in such situations or they 
prove resistant to one and not to another pathogen at given time. 
This requires screening of large varieties to different pathogenic 
situations for different regions. The different plant diseases can also 
be controlled by use of predatory fungi, oil-seed cakes and many 
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other agencies. These aspects have been investigated in the present 
study. The use of predatory fungi has great relevance to the present 
day need of avoidance of pollution hazards caused by chemicals. 
Oil-seed cakes, which are byproducts of agro-based industries, have 
been included in the present study to evaluate their efficiency against 
nematodes and fungal pathogens at a time. 
A survey, conducted in lentil fields in and around Aligarh, 
revealed that plant-parasitic nematodes in addition to pathogenic fungi 
were consistently associated with the unthrifty crop growth. Among 
nematodes, reniform nematode occurred most frequently in the crop 
but in case of fungi, frequency of root-rot fungus, Rhizoctonia solani 
was high in lentil fields. The interactive effects of these pathogens 
on the crop has been investigated in the present study. 
Varietal reaction of lentil 
In case of lentil, varieties DPL-25, DPL-26, DPL-28, DPL-33, 
DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, DPL-43, DPL-
44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-90-103, 
LH-90-84 and LH-90-87 were screened for their reaction in terms of 
damage in plant length, fresh as well as dry weight, pod number, 
chlorophyll content and root-nodulation to different inoculum levels 
of the reniform nematode, Rotylenchulus reniformis and the root-rot 
fungus, Rhizoctonia solani. These varieties showed varying degree of 
susceptibility to the pathogens. In the presence of Rhizobium, variety 
LH-90-85 was found resistant to R. reniformis, and R. solani. This 
shows that variety LH-90-85 was resistant to both the pathogens 
tested. Similar studies have also been conducted by many workers to 
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evaluate the reaction of the varieties of pulses to plant parasitic 
nematodes and different pathogenic fungi (Hasan, 1983; Zote ei al, 
1983; Tiyagi & Alam, 1986; Sahoo et al., 1986; Tiyagi & Alam, 
1987; Varshney et al, 1987; Khan and Husain, 1989; Taylor, 1990; 
Khan & Hosseini-Nejad, 1991; Anver & Alam, 1997; Siddiqui & 
Mahmood, 1998; Tiwari, 1998). In these studies, the reaction of 
different varieties was assessed only on the basis of disease 
development (eg., root-knot development, wilt index, nematode 
population). Whereas, in the present study, large number of plant 
growth parameters have been taken into account to obtain more 
accurate assessment of plant reaction to the test pathogens. Moreover, 
all the test varieties have been screened to major pathogens of the 
area at a time (Tables-la, 2a). 
The plant damage due to the test pathogens increased with 
increasing inoculum level. More damage was caused by R. solani 
than R. reniformis. Similar results have also been reported by Anver 
& Alam (1997), Rao & Krishnappa (1998), Siddiqui & Mahmood 
(1998). The reduction in plant growth may be due to physiological 
and structural aberrations caused by the pathogens. 
Significant reduction was also observed in the photosynthetic 
pigment, eg., chlorophyll content, due to these pathogens. Decrease 
in chlorophyll content in infected plants, adversely affect the 
photosynthesis, which in tern, impede development of plants in terms 
of reduced plant weight, number of flowers and delayed flowering, 
ultimately resulting in reduced yields (Melakeberhan et al, 1985). 
Moreover the nematode invasion is known to bring a change in the 
concentration of the nutrient elements in plants such as Fe, Zn, Cu, 
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Mn and F, etc., which play a vital role for constituents of plants, 
e.g., Fe and Mn in the photosynthetic pigment (Devlin &, Witham, 
1986). Change in the concentration of these nutrient elements in 
plants, even to small extent, appear to have a profound impact on 
host physiology, which in tern appears to be the major cause in 
limiting the growth of the host plant and cause imbalance in the 
translocation process (Melakeberhan et al, 1985; Tiyagi et al, 1986). 
The reduction in number of nodules in test plant seems to be 
more due to nutritional interference particularly carbohydrates or 
physiological changes (Bopaiah et al.,1916a', Taha & Raski, 1969) or 
anatomical changes (Balasubramanian, 1971) brought about by 
nematode-infection of plants rather than secretion of hydrolytic and 
oxidative enzymes (Barker et al., 1972) or competitive phenomenon 
between rhizobia and nematodes (Epps & Chambers, 1962; Malek & 
Jenkins, 1964) or interference of juveniles with the establishment of 
rhizobia (Hussaini & Seshadri, 1975). 
The reduction in these parameters seems to be responsible for 
reduced plant growth as also the pod numbers. The reduction in pod 
number may also be due to reduced food supply to the fertile 
branches (Tiyagi & Alam, 1989, 1990) and to the deficiency of 
mineral nutrition (Melakeberhan et al., 1985; Wallace, 1974). 
The rate of multiplication of nematode was adversely affected 
by increasing inoculum levels. Such observations have also been 
given out by several workers (Nath et al., 1979; Fazal et al., 1994; 
Ahmad & Alam, 1998). The reason for the reduction in namatode 
multiplication with increasing inoculum levels may be due to 
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competition for food and space (Triantaphyllou, 1960; Davide & 
Triantaphyllou, 1967). 
In another experiment, where seeds of lentil were not treated 
with Rhizobium (Tables-lb, 2b), plant growth characters (length, fresh 
weight, dry weight pod number and chlorophyll content) in both test 
pathogens-inoculated and uninoculated plants were reduced as 
compared with those in /?/?/zo6/wm-treated set. This appears to be 
due to the increase in multiplication of nematode and root-rot index 
in absence of Rhizobium. It can possibly be assigned to the reduced 
resistance against invading pathogens in less vigorously growing host 
plants. These findings are in agreement with those of Orellana et al. 
(1976), Bopaiah et al. (1976a) and Tu (1980). 
Influence of antagonistic fungi on plant growth, nematode and 
fungi in pots: 
In general, R. solani infection caused greater reduction in plant 
growth and nodulation of majority of the varieties than caused by 
the infection of R. reniformis. 
In the pot study, influence of antagonistic fungi (Paecilomyces 
lilacinus, Trichoderma viride, Aspergillus niger, Verticillium 
chlamydosporium and Arthrobotrys oligospora) was evaluated against 
R. reniformis singly or in combination with R. solani on lentil 
plants. The results of the experiments (Tables-3a, b; 4a, b; 5a, b; 6a, 
b; 7a, b) clearly shows that the test pathogens caused significant 
damage to the host. Different combinations of nematode and fungus 
brought about further reduction in plant growth parameters. Thus, 
fungus, R. solani appeared to have played an important role in 
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elevating the disease development even with the other pathogen like 
R. reniformis. It was also observed that different treatment with 
antagonistic fungi have effectively contained the pathogenic effects. 
Highest inhibitory effects was found with P. lilacinus followed by T. 
viride, A. niger, V. chlamydospomim and A. oligospora. This show 
that the antagonistic fungi were equally effective against both the 
test pathogens on host plant. 
The favourable influence of antagonistic fungi for the control of 
the R. reniformis and R. solani on lentil was density dependent i.e. 
with the increase in the inoculum level of antagonistic fungi there 
were increasing improvement of plant growth and decrease in 
nematode population. Inoculum level (l.Og per pot) of antagonistic 
fungi gave the best results for reducing plant damage caused either 
by the individual pathogen caused by their interaction (Tables-3a, b; 
4a, b; 5a,b; 6a,b; 7a,b). These results support many earlier findings 
where antagonistic fimgi have been reported to be highly deleterious 
to nematode and fungus (Ahmad & Alam, 1997; Rao et al., 1998; 
Parveen et al, 1998; Duponnois et al, 1998; Fatemy, 1999; Viaene 
& Abawi, 2000) on other crops. 
As a consequence of reduction in pathogenic effects, plant 
growth (length, fresh as well as dry weight, pod numbers, root-
nodulation and chlorophyll content) of lentil improved in all 
treatments. The improvement in root-nodulation as well as in 
photosynthetic pigment could be due to direct effect of different 
treatments or indirectly through control of the pathogens. In any 
way, improved root-nodulation as well as leaf pigmentation might 
have, in tern, helped the plants for their luxurient growth. 
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It is reported that antagonistic fungi are capable of parasitising 
nematode eggs and destroying the embryo. It also grow within the 
developing females resulting in their death (Jatala et al., 1979). 
Jatala et al. (1979, 1980, 1981), Viaene & Abawi (2000) used 
antagonistic fungi for control of M. incognita, M. hapla and 
Globodera pallida on potatoes and lettuce both in the laboratory and 
under field conditions. They reported that this fungus consistantly 
and efficiently reduced the populations of both the test pathogens 
resulting in an improved yield. Furthermore, some other species of 
Paecilomyces (eg. P. marguandii and P. variotii, Barinier) and 
Pseudoeiirotium ovale stolk have also been shown to be capable of 
destroying eggs, juveniles and adults of several nematode species 
(Lysek, 1966; Godoy et al, 1983; Anver & Alam, 1997). 
Antagonistic fungi effectively reduced reniform nematode 
population by killing females, reducing their fecundity and 
parasitizing egg masses (Tables-3a,b; 4a,b; 5a,b; 6a,b; 7a,b). Earlier 
reports that the hatched out juveniles become incapicitated in the 
presence of fungal hyphe indicate a primary, diffusible toxic effect 
rendering them subsequently vulnerable to colonization. It has been 
reported that fungal penetration in the egg-shell takes place by 
mechanical rupturing of the vitteline layer through a narrow tube-like 
hyphal extension (Morgan-Jones et al, 1984). It is also possible that 
partial disintegration of vitelline layer may also be due to exoenzyme 
production by the fungal hyphae, possibly involving the presence of 
translocable, physiologically disorganizing factor, such as diffusible 
toxic metabolites. This disruption not only predisposes the egg to 
fungal infection by physical weakening of the shell, but, also 
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increases permeability, thus facilitating inward passage of fungal 
metabolites both toxic and enzymatic. This exopathic effect might be 
enough to abort the reproductive process. Once a fungal hypha enters 
an egg, enzymatic dissolution of the chitin layer takes place (Okafor, 
1967). It has been reported that mycelial proliferation on the 
namatode body results in probable biosynthesis of destructive 
metabolites endogenously. Further, endogenous mycelial proliferation 
might support the lysis of egg-shell material. Later, hypae penetrate 
the larval cuticle. This endopathic activity of the fungus causes total 
degeneration of the egg contents and leads to the ultimate demise of 
the larvae. Efficacy of P. fumosoroseus on different nematodes 
parasitizing different crops has also been tested with fruitful results 
(Fatemy, 1998). P. lilacinus isolates from silkworm yielded oxalic, 
dipicolinic and succinic acids and some unidentified amino acids, as 
well as large amounts of D-mannitol (Domsch et al., 1980). These 
chemicals might also be responsible for the killing of nematodes and 
inhibition of fungal growth. Paecilomyces variotii is known to 
produce cytotoxic agent and toxic metabolites in some food-stuffs 
(Domsch et al, 1980). 
In the present findings antagonistic fungi not only reduced the 
intensity of R. reniformis infection, but it also showed antagonistic 
effect against R. solani (Tables-3a,b; 4a,b; 5a,b; 6a,b; 7a,b). Some 
toxic metabolites and/or enzymes released by antagonistic fiingi might 
have inhibited the growth of R. solani. P. lilacinus is reported to 
produce p (1-3) glucanase (Domsch et al., 1980) and chitinase 
(Okafor, 1967) extracellularly which are key enzymes in the lysis of 
fungal cell walls (Mitchell and Allexander, 1963). Rhizoctonia solani 
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belongs to homobasidiomycetes, the walls of which are mostly 
composed of glucans with only about 6-8% chitin (Bartinickin-Garcia, 
1973). It, therefore, seems that j3 (1-3) glucanase is more important 
in the degradation of cell walls of R solani. Arai et al. (1973) 
isolated leucostatin and lilacin, two water soluble peptide antibiotics, 
from a fungus determined as Penicillium lilacimis {=Paecilomyces 
lilacimis), Leucostatin is active against gram-positive bacteria and 
many fungi. 
Conclusively, I can say that antagonistic fungi such as P. 
lilacinus, T. viride, A. niger, V. chlamydosporhim, A. oligospora are 
potential bio-control agent which has a number of advantages. P. 
lilacinus is typically a soil-borne fungus and seems to be relatively 
common and ubiquitous in the tropics and subtropics (Domsch et al., 
1980). The capability of this species to degrade chitin has been 
accounted by Okafor (1967) and it is also strongly proteolytic (Janke 
and Holzer, 1929; Borout, 1960; Endreeva et al., 1972). There is 
sufficient evidence to suggest that P. lilacinus, a heavy sporulator, is 
strong competitor capable of successfully establishing itself in a 
natural soil when introduced artificially. P. lilacinus has antagonistic 
activity against bacteria, fungi, and nematodes. 
A similar experiment was also conducted by using unbacterized 
seeds (Tables-3b, 4b, 5b, 6b and 7b). Here, the overall plant growth 
parameters (length, fresh as well as dry weight, pod number and 
chlorophyll content) were less than those raised from bacterized 
seeds. These were further decreased in plants inoculated with the test 
pathogens, even greater than in bacterized pathogen-inoculated plants. 
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This reduction has positive correlation with the increase in the 
multiplication of nematode and root-rot development. It may be due 
to reduced resistance against invading pathogens in less vigorously 
growing plants. These findings are in agreement with those of 
Orellana et al, (1976), Bopaiah et al. (1976a) and Tu (1980). 
Effect of oil-seed cakes, P. lilacinus on plant growth, nematode 
and fungi in Pots 
Effect of oil-seed cakes : 
The farmers have been using organic materials for improving 
soil fertility since the advent of agriculture. However, it has become 
known only recently that these organic additives are highly effective 
in suppressing many plant diseases including those caused by 
nematodes. 
In a pot study, amending the soil with oil-seed cakes (neem, 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan) has caused significant reduction in the population of plant-
parasitic nematodes, viz., Rotylenchulus reniformis, Meloidogyne 
incognita, Tylenchorhynchus brassicae, Hoplolaimus indicus, 
Tylenchus filiformis, Helicotylenchus indicus, Hemicriconemoides 
mangiferae, etc. on lentil (Tables-8a,b; 9a,b; 10a,b; lla,b; 12a,b; 13a, 
b; 14a,b; 15a,b; 16a,b; 17a,b). These results are, in a way, in 
agreement with those of Lear (1959), Singh & Sitaramaiah (1970), 
Gour & Prasad (1970), Alam & Khan (1974) and Siddiqui (1986) 
with other crops. 
It was also observed that different treatments with oil seed-
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cakes have effectively contained the pathogenic effects. Highest 
inhibitory effects was found with nem-seed cake followed by castor, 
mahua, mustard, sesamum, soybean, groundnut, linseed, karanj and 
duan. 
It is well known that whenever some organic materials are 
added to the soil, there occurs an ecological succession or micro-
organisms. Thus successive phases of biochemical degradation and 
succession of micro-organisms may guide the control of plant 
pathogens present in the soil. 
Various theories have been put forward to explain the mode of 
action of organic amendments leading to the control of plant-parasitic 
nematodes, such as : 
(i) Application of organic amendments may bring about changes in 
physical and chemical properties of soil inimical to nematodes 
(Ahmad et al., 1972). 
(ii) Namato-toxic substances, present in the amendments are released 
after dissolution in water. Water soluble fractions of oil-seed cakes 
have been found highly toxic to plant-parasitic nematodes (Khan et 
al., 1974a; Rao & Prasad, 1969; Sitaramaiah et al., 1974; Alam et 
al, 1982) and inhibitory to larval hatching of Meloidogyne spp. 
(Khan et al, 1974b). Some chemicals, e.g., nimbidin, thionimone and 
azadirachtin from neem have been reported to be highly namaticidal 
and nematostatic (Khan et al., 1974b; Siddiqui, 1986). 
(iii) Toxicants are produced/released during microbial decomposition 
of organic amendments. Alam et al. (1982) have reported that water 
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soluble fractions obtained after different periods of decomposition of 
oil-seed cakes were progressively more nemato-toxic with increase in 
the time of decomposition. This indicate that the more toxic 
chemicals are released during the course of decomposition. Eno et 
al. (1955), Walker et al, (1967), Hasan & Saxena (1974), Khan et 
al. (1974a), Sitaramaiah & Singh (1978a) and Alam et al. (1977b, c, 
1978, 1979) have reported that ammonia, H^S, fatty-acids, aldehyde, 
formaldehyde, amino-acids, carbohydrates are released during 
decomposition of organic matter. These chemicals have been found 
highly deleterious to plant-parasitic nematodes in vitro studies. 
The metabolites of microbes which become active during 
decomposition of organic amendments have also shown varying 
degree of toxicity of nematodes. In the present study also, an 
increase in the frequency of saprophytic fungi has been noted. 
Culture filtrates of many saprophytic fungi have been found to be 
highly deleterious to plant-parasitic nematodes as reported by many 
workers (Alam et al., 1973; Khan et al., 1981; Kirmani et al., 
1978). 
The water soluble fractions of organic amendments as such, as 
well as after decomposition and the microbial metabolites thus seem 
to play an important role in the control of plant-parasitic nematodes. 
In all the probability, these toxicants, reach the soil pore spaces, 
which inhabit the nematodes, thus adversely affecting their population 
build-up (Alam, 1976). 
(iv) The organic amendments also increase predaceous and parasitic 
activity of soil-biota (Linford, 1937; Singh & Singh, 1981). 
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(v) Van der Laan (1956) had postulated that organic additives 
might induce some sort of resistance in plants against plant-parasitic 
nematodes. This was proved by later studies of Alam et al. (1977c, 
1980) and Sitaramaiah & Singh (1978b). These workers reported that 
plants, raised in oil-seed cake amended soil, acquire some resistance 
against plant-parasitic nematodes. They correlated this phenomenon 
with the increase in the phenolic level in plant roots and proposed 
that this increase might have caused due to the absorption of 
phenolics released from the amendments during the course of 
decomposition. 
(vi) Organic additives also release nutrients which accelerate rapid 
root development and overall plant growth thus helping the plant to 
escape nematode attack. This theory has been substantiated by the 
results of experiment, where the organic amendments have improved 
plant mass several folds (Tables-8a,b; 9a,b; 10a,b; l la,b; 12a,b; 
13a,b; 14a,b; 15a,b; 16a,b; 17a,b). 
The various theories put forward to explain the mode of action 
of organic amendments as discussed above, may well be applicable 
in the present case where oil-seed cakes have significantly suppressed 
the population of plant-parasitic namatodes infecting lentil. 
The reduction in the frequency of parasitic fungi was also noted 
in the beds amended with oil-seed cakes (Tables-8a,b; 9a,b; 10a, b; 
lla,b; 12a,b; 13a,b; 14a,b; 15a,b; 16a,b; 17a,b). These amendments 
also supported in growth of saprophytic fungi. Similar results have 
been obtained by Davey & Papavizas (1959, 1960), Papavizas & 
Davey (1960), Papavizas (1963) and Khan et al. (1973, 1974a) with 
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other organic amendments. Addition of various types of organic 
matters have been found effective in suppressing the population of 
certain parasitic fungi and have controlled diseases caused by them, 
e.g., Phytomatotrichum spp. (Mitchell et al., 1941); Helminthosporium 
sativum (Chinn et al., 1953), F. solani f phaseoli, R. solani and 
Thielaviopsis basicola (Snyder et al, 1959), R. solani (Chinn & 
Ledinghum, 1957), F. oxysporum i. cubens (Sequeira, 1962), F. 
solani f. phaseoli (Toussoun et al., 1963) and Corticium sasaki 
(Dath, 1982). 
Oil-seed cake amendments have also been found effective in 
suppressing the soil population of pathogenic fungi like Rhizoctonia 
solani, Colletotrichum and Fusarium spp. in the rhizosphere of egg 
plant, okra and tomato (Khan et al., 1973, 1974a), Fusarium udum 
on pea (Vasudeva et al., 1962, 1963), F. oxysporum f. ciceri on 
gram (Chauhan, 1960), F. oxysporum f. coriander on coriander 
(Srivastava & Sinha 1971), F. udum on pigeonpea (Singh & Singh, 
1981, 1982), Pythium spp. on ginger (Sadanandan & Iyer, 1986), 
Ganoderma lucidum on coconut (Gunasekaran et al, 1986). 
There may be several reasons for the suppression of parasitic 
fungi with organic amendments. Khan et al. (1974b) have found 
water soluble fractions of some oil-seed cakes, viz., neem, castor, 
mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, duan, 
and some bitter principles of neem like nimbidin and thionimone 
inhibitory to the growth of Rhizoctonia solani, Fusarium oxysporum, 
Helminthosporium nodulosum, Alternaria tenuis and Curvularia 
tuberculata. 
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Several fatty acids (Sayre et al, 1964, 1965; Patrick et al, 
1965; Toussoun et al, 1968), aldehyde and ketones (Khan, 1972), 
amino-acids, carbohydrates, free-sulphur (Ahmad et al, 1972) are 
present or released during decomposition of organic amendments. 
Some of these have been reported to be toxic to pathogenic fungi 
(Sayre et al, 1965; Sayre, 1980; Khan et al, 1974b). The volatile 
degradation product of oil-seed cakes/meals also inhibit the 
population of Fusarium spp. (Zakaria et al, 1980). Fungi static 
effects due to amendments with degradation products of avocado 
trees have been reported by Wehner et al (1982). 
The suppressant effects of organic amendments on parasitic 
fungi may also be due to stimulation of microbial activity and 
biocontrol agents (Lockwood, 1960; Lloyed & Lockwood, 1966; 
Singh & Singh, 1981). 
Thus it appears that improvement in plant growth of lentil in 
amended soil was due to reduction in population of plant-parasitic 
nematodes and frequency of pathogenic fungi (Tables-8a; 9a; 10a; 
11a; 12a; 13a; 14a; 15a; 16a; 17a) and also due to their manurial 
effect ( the test oil-seed cakes contain about 5% N). Increased 
microbial activity in amended soil is known to bring about unceased 
conversion of N to nitrate form (Schmidt, 1954; Gunner, 1963), 
which in tern, appears to be responsible for stimulation of nitrate 
reductase activity as has been shown by the present study. Plants 
utilize the nitrate form of nitrogen, which however, must be reduced 
to ammonia before incorporation into the nitrogenous compounds of 
plant. This reaction is mediated by enzymes, e.g., nitrate reductase. 
Nitrate reductase a metalloflavo protein is a substrate induced (NO'j) 
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enzyme (Afridi & Hewitt, 1965; Candela et ai, 1957; Hageman & 
Flesher, 1960; Hewitt & Afridi, 1959). The application of oil-seed 
cakes provide more and more inducing substrate (nitrate) for the 
enzyme (nitrate reductase) to accelerate its activity, which results 
ultimately in increased metabolic activity of plants and then plant 
growth. 
Effect of Paecilomyces lilacinus : 
P. lilacinus was more effective against reniform nematode than 
the root-rot fungus. Also, it was more effect ive against 
monopathogenic infections than against complexes. 
It is reported that P. lilacinus is capable of parasitising 
nematode eggs and destroying the embryo. It also grows within the 
developing females resulting in their death (Jatala et al., 1979). 
Jatala et al. (1979, 1980, 1981), used P. lilacinus in Peru for 
controlling M incognita and Globodera pallida on potatoes, both in 
the laboratory and under field conditions. They reported that this 
fungus consistantly and efficiently reduced the populations of both 
the nematodes resulting in an improved yield. Furthermore, some 
other species oi Paecilomyces (e.g. P. marguandii and P. variotii 
Barinier) and Pseudoeurotium ovale stolk have also been shown to 
be capable of destroying eggs, Juveniles and adults of several 
nematode species (Lysek, 1966; Godoy et al, 1983; Anver & Alam 
1997). 
P. lilacinus effectively reduced reniform nematode population by 
killing females, reducing their fecundity and parasitising egg masses 
(Tables-8a,b; 9a,b; 10a,b; lla,b; 12a,b; 13a,b; 14a,b; 15a,b; 16a,b; 
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17a,b). Earlier reports that the hatched out juveniles become 
incapicitated in the presence of fungal hyphae indicate a primary, 
diffusible toxic effect rendering them subseqently vulnerable to 
colonization. It has been reported that fungal penetration in the egg-
shell takes place by mechanical rupturing of the vitteline layer 
through a narrow tube-like hyphal extension (Morgan-Jones et ai, 
1984). It is also possible that partial disintigration of vitelline layer 
may also be due to exoenzyme production by the fungal hyphae, 
possibly involving the presence of translocable, physiologically 
disorganizing factor, such as diffusible toxic metabolites. This 
disruption not only pre-disposes the egg to fungal infection by 
physical weakening of the shell, but, also increases permeability, thus 
facilitating inward passage of fungal metabolites both toxic and 
enzymatic. This exopathic effect might be enough to abort the 
reproductive process. Once a fungal hypha enters an egg, enzymatic 
dissolution of the chitin layer takes place (Okafor, 1967). It has been 
reported that mycelial proliferation on the nematode body results in 
probable biosynthesis of destructive metabolites endogenously. 
Further, endogenous mycelial proliferation might support the lysis of 
egg-shell material. Later, hyphae penetrate the larval cuticle. This 
endopathic activity of the fungus causes total degeneration of the egg 
contents and leads to the ultimate demise of the larvae. Efficacy of 
P. lilacinus on different nematodes parasitising different crops has 
also been tested with fruitful results (Fatemy, 1998). P. lilacinus 
isolates from silkworm yielded oxalic, dipicolinic and succinic acids 
and some unidentified amino acids, as well as large amounts of D-
mannitol (Domsch et al, 1980). These chemicals might also be 
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responsible for the killing of nematodes and inhibition of fungal 
growth. Paecilomyces variotii is known to produce cyto-toxic agent 
and toxic metabolites in some food-stuffs (Domsch et al., 1980). 
In the present findings, P. lilacinus not only reduced the 
intensity of R. reniformis infection, but it also showed antagonistic 
effect against R. solani (Tables-8a,b; 9a,b; 10a,b; lla,b; 12a,b; 13a,b; 
I4a,b; 15a,b; 16a,b; I7a,b). Some toxic metabolites and/or enzymes 
released by P. lilacinus might have inhibited the growth of R. solani. 
Paecilomyces lilacinus is reported to produce P (1-3) glucanase 
(Domsch et al, 1980) and chitinase (Okafor, 1967) extracellularly 
which are key enzymes in the lysis of fungal cell walls (Mitchell 
and Allexander, 1963)., Rhizoctonia solani belongs to homobasidio-
mycetes, the walls of which are mostly composed of glucans with 
only about 6-8% chitin (Bartinickin-Garcia, 1973). It, therefore, 
seems that P(l-3) glucanase is more important in the degradation of 
cell walls of R. solani. Arai et al. (1973) isolated leucostatin and 
lilacin, two water soluble peptide antibiotics, from a fungus 
determined as Penicillium lilacinus (=Paecilomyces lilacinus). 
Leucostatin is active against gram-positive bacteria and many fungi. 
Conclusively, I can say that P. lilacinus is a potential bio-
control agent which has a number of advantages. P.lilacinus is 
typically a soil-bome fungus and seems to be relatively common and 
ubiquitous in the tropics and subtropics (Domsch et al, 1980). The 
capability of this species to degrade chitin has been accounted by 
Okafor (1967) and it is also strongly proteolytic (Janke and Holzer, 
1929; Borout, 1960; Endreeva et al, 1972). There is sufficient 
evidence to suggest that P. lilacinus, a heavy sporulator, is strong 
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competitor capable of successfully establishing itself in a natural soil 
when introduced artificially. P. lilacinus has antagonistic activity 
against bacteria, fungi, and nematodes. 
The application of oil-seed cakes with P. lilacinus caused 
significant reduction in nematode population (Zaki & Bhatti, 1990; 
Rao & Reddy, 1994; Saikia et al, 1999; Chen et ai, 2000) on 
different crops. The neem or mustard seed-cake with P.lilacinus 
controlled M. incognita on brinjal (Saikia et al, 1999). 
Incorporation of different oil-seed cakes, such as neem, castor, 
mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, duan 
with P. lilacinus also brought about a decline in the frequency of 
pathogenic fungi like R. solani (Tables-8a,b; 9a,b; 10a,b; l la,b; 
12a,b; 13a,b; 14a,b; 15a,b; 16a,b; 17a,b). The results has been 
supported by many workers (Walia et al, 1999; Saikia et al 1999; 
Chen et al 2000). 
Application of oil-seed cakes and P. lilacinus has resulted in 
improved plant growth of lentil in terms of length, fresh as well as 
dry weight, pod number and chlorophyll content (Tables-8a,b; 9a,b; 
10a,b; l la ,b; 12a,b; 13a,b; 14a,b; 15a,b; 16a,b; 17a,b). These 
findings are in agreement with those of Rao & Reddy (1994) who 
has also reported that neem extracts are very useful for carrying 
biocontrol agent to the root-rhizosphere of egg plant. 
Conclusion: 
As has been observed from the present study, oil-seed cakes 
(neem, castor, mahua, mustard, sesamum, soybean, groundnut, linseed, 
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karanj, duan, and antagonistic fungus, P. lilacinus have alleviated the 
plant damage caused by R. reniformis and/or R. solani to lentil, the 
neem-seed cake and P. lilacinus being significantly effective. The 
test oil-seed cakes are non-edible and usually used by farmers as 
manures. But, in fact, they have dual role of being nematicidal in 
nature and fulfilling nutritional requirements of plants. Besides, these 
effects have longer persistence in soil making their use more 
economical (Singh & Sitaramaiah, 1966; Alam et al, 1977a). The 
P. lilacinus on the other hand, have the capability of parasitising the 
egg masses and killing the females of the nematodes, hence require 
supplemental nutrition in the form of fertilizers. Taking into 
consideration these points, oil-seed cakes are cheaper than 
nematicides (Alam, 1976). Moreover, use of organic additives has 
been advocated to be safe to the environment and health. Further 
research may be done to evaluate the efficacy of the organic 
additives against the interacting pathogens on other crops. 
Substantial quantities of the test oil-seed cakes are produced in 
India. However, it is advisable to farmers that the oil-seed cakes 
should not be merely used as general manures as per their common 
practice but should use them selectively against problem nematode-
pests damaging economically important crops, including lentil. Thus 
dependence on nematicides could be minimized. 
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6. Summary 
6.1: Varietal reaction of lentil to the test nematode and fungi : 
Twenty varieties of lentil (DPL-25, DPL-26, DPL-28, DPL-33, 
DPL-35, DPL-36, DPL-38, DPL-39, DPL-40, DPL-42, DPL-43, DPL-
44, LH-88-8, DPL-47, LH-90-54, LH-90-57, LH-90-85, LH-90-103, 
LH-90-84 and LH-90-87) were screened for their reaction to the 
reniform nematode, Rotylenchulus reniformis and also to host specific 
fungi such as root-rot fungus, Rhizoctonia solani on lentil, using 
different inoculum levels. The resistance/susceptibility reaction was 
assessed not only on the basis of multiplication rate in case of R. 
reniformis and root-rot index in case of R. solani, but also on the 
basis of reduction in different plant growth parameters. In presence 
of Rhizobium, lentil varieties DPL-43, LH-90-57, DPL-44 and LH-90-
85 were found resistant to R. reniformis where as LH-90-85 to R. 
solani. 
In case of lentil, the root-rot fungus was found to be most 
damaging while the reniform nematode the least. The inoculum level 
of the pathogens was found directly correlated to the extent of plant 
damage in terms of length, fresh and dry weight of plants, pod-
numbers, chlorophyll content and root-nodulation. Reproduction factor 
of nematode was found high at low inoculum level but reduction in 
growth parameters was less at low inoculum level. However, at the 
higher inoculum level, the reproduction factor decline sharply but 
plant growth was affected adversely. Nematode multiplication was 
increased as the inoculum level increased (Tables-la, 2a). 
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The reaction of different varieties of lentil to the test pathogens 
was also studied in absence of Rhizobium. It was revealed that all 
the test pathogens brought about greater damage to various growth 
parameters. Moreover, the cultivars found resistant in presence of 
Rhizobium, showed susceptibility in absence of Rhizobium to varying 
extent (Tables-lb, 2b). 
6.2: Influence of antagonistic fungi against nematode and fungi 
on lentil : 
In a pot study, influence of some antagonistic fungi {P. lilacinus, 
T. viride, A. niger, V. chlamydosporium, A. oligospom) were assessed 
against R. reniformis singly or in combination with R. solani on lentil. 
Among all the antagonistic fungi, P. lilacinus was found to be highly 
effective followed by T. viride, A. niger, V. chlamydosporium and A. 
oligospora in limiting the detrimental effects of the pathogens. The 
different treatments were found to be more effective to R. reniformis 
than R solani. As a consequence, plant growth parameters such as plant 
length, fresh weight, dry weight, pod number, chlorophyll content and 
root-nodulation improvement was observed (Tables-3a, 4a, 5a, 6a and 
7a). A similar experiment was also done in the absence of Rhizobium 
(unbacterized seeds), here in this case the overall growth of plants was 
less, both in pathogen inoculated as well as uninoculated plants (Tables-
3b, 4b, 5b, 6b and 7b). 
6,3: Effect of oil-seed cakes in combination with P. lilacinus 
against nematode and fungi on lentil : 
In a pot study, efficacy of different oil-seed cakes (neem, 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
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duan) were also evaluated against R. reniformis and soil-inhibiting 
fungi, R. solani on lentil. Among all oil-seed cakes, neem-seed cake 
was found to be highly efficacious followed by castor, mahua, 
mustard, sesamum, soybean, groundnut, linseed, karanj, duan in 
limiting the deterimental effects of the pathogens. 
Highest inhibition in population of R. reniformis was noted in 
beds treated with neem-seed cake and P. lilacinus followed by 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan. Moreover less similar pattern was also noted in the reduction 
of frequency of pathogenic fungi. Frequency of saprophytic fungi 
increased in beds treated with oil-seed cakes and P. lilacinus where 
neem-seed cake with P. lilacinus gave the best results followed by 
castor, mahua, mustard, sesamum, soybean, groundnut, linseed, karanj, 
duan-seed cake (Tables-8a, 9a, 10a, 11a, 12a, 13a, 14a, 15a, 16a, 
17a). 
As a consequence of reduction in the population of R. 
reniformis and frequency of R. solani, the plant growth (length, fresh 
weight, dry weight, pod number, chlorophyll content and root-
nodulation) of lentil improved. Moreover, there was positive 
correlation between the improvement in plant growth and reduction 
in pathogenic nematode and fungi (Tables-8a, 9a, 10a, 11a, 12a, 13a, 
14a, 15a, 16a, 17a). 
A similar experiment was also done in the absence of Rhizobium 
(unbacterized seeds), here in this case the overall growth of plants was 
less, both in pathogen inoculated as well as uninoculated plants (Tables-
8b, 9b, 10b,lib, 12b, 13b, 14b, 15b, 16b, 17b). 
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The effect of different treatments also persisted even after a 
lapse of 12 months in the next growing season when lentil was 
grown. The population of R. reniformis as well as frequency of R. 
solani could not increase as freely as in case of untreated beds, 
consequently improving plant growth characters. In this crop, the 
multiplication of nematode was below the initial population of the 
preceding crop in all the treatments. 
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